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ABSTRACT 


This thesis examines the increasing dependence of the 
United States on foreign sources of major fuel and non- fuel 
mineral resources which appear to have potential requirements 
for deepwater ports and terminals. Major oceanborne bulk 
commodity import projections for crude petroleum, iron ore, 
bauxite, and alumina are presented. Principal bulk commodity 
ports are identified and major commodity movements are dis- 
cussed. Past and possible future trends in the construction 
of large ocean bulk carriers are reviewed. Construction and 
transportation economies available via "'super"’ bulk carriers 
are examined with emphasis on "'super" tankers. The primary 
consequences of a failure to provide United States facilities 
to accommodate "super" bulk carriers are identified and re- 
Seiewevents in Ulo. development of deepwater ports are 
presented. The ioe conclusion is, the United States, if 
felts sco Nate tts Status as a leading economic power, 
Should utilize the technological efficiency provided by 


Bouper  bubkeearriers. 
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I. INTRODUCTION 


The United States, as the world's leading industrial 
power, is also the world's major consumer of both fuel and 
non-fuel mineral resources. Since 1945 the population of 
the United States has approximately doubled; the annual 
consumption of fuel resources, however, has grown more than 
two and a half times. [Ref. 1, 5.2]° During this same- 
period the United States consumed more metal ore resources 
than the entire human race had prior to that time. [Ref. 2, 
p. 1] Although the United States is still fundamentally 
self-sufficient in a number of important fuel and non- fuel 
mineral resources, the era of self-sufficiency appears to 
Demian mtGumanmel dsor ancreasing 1mport-dependency.. 

Phere appears to have been two aearrmaase reasons for the 
recent technological revolution in the world's shipbuilding 
industry. First, has been the increasing import-dependence 
by many of the industrial nations for sources of bulk min- 
Sle mes Gurces, and second, 4tishe two closings of the Suez 
Canal. As a result of the technological revolution very 
impressive ships have recently joined the world's merchant 


PlCGiSe coutmansport both dry and bulk commodities. The most 


‘Numbers in parentheses designate reference and page 
numbers. References are listed in the List of References 
fewer end Of the paper. 


mk’ 





mipresomverare the very large: crude carriers (uiees and 
the multi-purpose oil/ore and oil/bulk/ore (OBO) carriers. 
These deep draft "super" bulk carriers have become the work- 
horses of the world bulk shipping fleet. However, their 
progressively deeper drafts have rendered many of the world's 
ports obsolete. In order to capitalize on the economies of 
Scale available via "Super" bulk carriers, many of the 
world's maritime dependent nations have modified existing, 
or constructed new ports and terminals to accommodate these 
deep draft vessels. Thus the economies of "super" bulk car- 
riers have enabled Japan and European countries, to depend 
increasingly on more remote sources of mineral resources. 
The United States must compete with countries which have 
poCllEtico muemaeconmodate ‘Super’ bulk carriers. However, 
the United States, the world's leading industrial power, has 
yet to provide facilities for these deep draft vessels. The 
pUMpeSsemOL this thests is to research: (1) the increasing 
import-dependence of the United States on foreign sources of 
major bulk fuel and non-fuel mineral resources which appear 
to have potential requirements for deepwater ports or termi- 
nals, (2) principal bulk commodity ports and commodity move- 
ments, (3) trends in the construction of ocean bulk carriers, 
(4) tne ecomemrcs of "super" bulk carriers, (5) the conse- 


quences of the United States not providing adequate facilities 


O41 tankers ranging from 200,000 to 500,000 DWT (déad- 
Neme@inemtons) the carrying capacity of a vessel in tons of 
fee Oepounds. it is the difference between the light ship 
weight and the displacement fully loaded. 
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to accommodate "'super" bulk carriers and (6) recent events 
pertaining to deepwater port and terminal development by 


the United States. 


1, 





II. RESEARCH METHODOLOGY 


Research methodology. consisted primarily of a literature 
search. Computerized searches were conducted at the Defense 
Documentation Center and the Naval Postgraduate School li- 
bie y. in addition all National Technical Information Ser- 
Vice indexes were searched for the period January 1970 thru 
February 1974. Pertinent studies and publications were 
ordered and reviewed. A periodical and newspaper search was 
also conducted for the same time period at the Naval Post- 
pmadavate School Library. A field trip to the San Francises 
Bay area was also undertaken. Personal discussions were 
held with key personnel at the Western Regional Office of 
the Maritime Administration, the South Pacific Division of 
fame «U.S. Army Corps of Engineers and the Marconaflo Division 
of the Marcona Corporation. 

Phone conversations were held with experts on the sub- 
ject of deepwater port development at the Headquarters of 
PiewlanreimesnAaministration; U.S. Army Corps of Engineers, 
iioereitemotmiiiater Resources; and the National Oceanic and 
Penosphchiemwaninistration. There have been numerous com- 
prehensive studies undertaken on the subject of deepwater 
port development. Appendix A reflects only the major 
studies of which the author has knowledge. The thesis 
should in no way be considered as the final word in deep- 


water port development. The presentation should, however, 


il 





serve as a summation of some of the issues which pertain to 


deepwater port development. 
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P11 . Seber Se MPORT-DEPENDENCE FOR MINERAL RESOURCES 


A. IMPORT-DEPENDENCE FOR NON-FUEL MINERAL RESOURCES 

The United States first became a net importer of metals 
digsmmeamthe 1920's. By 1970 the United States imported ap- 
proximately 40% of its metal ore requirements and more than 
tener 1ts supply of six of 135 basic non-fuel mineral re- 
sources required by an industrialized society (aluminun, 
Chromium, manganese, nickel, tin, and zinc). [Ref. 2, p. 1] 
As indicated in Table I, the United States in 1970, was also 
import-dependent for many other important non-fuel mineral 
resources. 

According to the Department of the Interior, by 1985, 
the United States will, most likely, become import-dependent 
for more than half of its supply of three additional basic 
non-fuel mineral resources required by an industrialized 
society (iron, lead, and tungsten). The Department further 
predicts by the year 2000 three more non-fuel mineral re- 
sources will have been added to this growing list (copper, 
pousostumememce sulfur). [Ref. 2, p. 1] 1£ these predic- 
tions are correct by the year 2000 the United States will 
have become import-dependent for over half of its supply 
oe EZ er: 13 basic non-fuel mineral resources presently re- 
quired by an industrialized society. These projections 
were based on the assumption that consumption requirements 


Would continue to increase in the future. The warning signs 


IS 





Table I. U.S. Import-Dependence and Share in World Con- 
Sumption of Major Minerals (in percentages) 


Share of Imports Imports as U.S. Share in 
in Primary Percent of World Metal 
Mineral Supply Consumption Consumption 
1950 1969 1970 1965-69 Ave. 

Aluminum 

(Bauxite) 66 90 9] 50 
Antimony 63 89 94 ae 
Asbestos 100 100 83 - 
Beryllium 82 = 51 : 
Cadmium 51 68 53 42 
Chromium 99 100 100 JAW) 
Cobalt 90 95 93 32 
Columbium 100 100 100 = 
Eo pper 40 9 6 a y/4 
Pitenrspar? Si 8 6 78 - 
Iron Ore@# 14 ool oo 21 
Lead 38 42 38 Al 
Manganese Tal 93 99 ds: 
Mercury 90 58 38 28 
Mica 99 100 100 : 
Molybdenum 0 0 0 = 
Nickel 99 90 87 33 
Platinum 93 97 98 43 
Rutile - - 100 : 
Selenium = = 29 S 
Silver 69 58 27 = 
Tantalum 100 100 100 = 
Tellurium - = 20 = 
Tai 99 99 100 Ua 
Tungsten 40 oe z 7 J 
Vanadium J 26 igs = 
Tene 40 63 59 28 
Note: a. Data for 1950 represent share of imports in gross 


suppieyein 1955, while data for 1969 represent share 
Gminports in gross supply in 1969. 


Source: Alleeandier Lang, “A Crisis in Critical Commodities,” 
Gelumbia Journal of World Business, Vol. III No. l, 


(ome o7S)i-p. 44. (Original Sottrces-Detense Pro- 
duction Act Progress Report-Nr. 50-Potential Shortages 


OonmecmMetals, Mineralsgand Energy Resources, U.s. 
Government Printing Office, U.S. Department of the 
teeters 197i) end Maneral Yearbook 1969, U.S. De- 
Danemenc of the-Intérior, Bureau of Mines, U.S. 
fomemmnent Printing Office, 1971). 
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are up and there is an obvious need to reorder the consumption 
requirements of these vital resources. 

Of all the non-fuel mineral resources the United States 
will import in the future iron ore and bauxite/alumina will, 
most likely, be required in the largest bulk quantities. 
[Retees, Volm -, p. 26] In 1969 the United States imported, 
via ocean bulk carrier, approximately 29 million short tons 
(MST) of iron ore, 1.8 MST of alumina and 16.3 MST of bauxite. 
Robert R. Nathan Associates recently predicted the United 
States annual oceanborne imports of standard iron ore 
(65% Fe) will, mostellikely, reach 34.1 MST by 1980 and 48-3 


MST by the year 2000.> 


[Ref. 3, Vol. I, DogeGlip These pro= 
jections compare very favorably with predictions recently 
Made by Sor@s Associates. (See Drawing 1 for Soros As- 
SoCciates predictions of annual oceanborne iron ore imports 
to the year 2000.) 

The United States has recently been importing approxi- 
Meacely 50% Gt its iron ore from Canada, Wowever, mu@mmof the 
Canadian ore is as low grade as Lake Superior ore and is 


therefore beneficiated and pelletized. Numerous U.S. steel 


corporations have high grade iron ore holdings in such 


Sukey assumptions underlying projections of seaborne 
imports of iron ore are a compound average growth rate of 
eco epercemetrom 1970 to 2000 in U.S. consumption of fin- 
ished steel; continuation of combined raw material and 
finished product delivery costs as a basic determinant of 
the location of steel plants for U.S. and Canadian iron 
Siew vis-daawed Scabomne imported ore." [Ref. 3, Vol. I, 


p. 29] 


Ly 





Drawing 1. Projected Annual Oceanborne Imports of Iron Ore 
to the Year 2000 (millions-short tons) 





ANNUAL OCEANBORNE IMPORTS (MILLIONS—SHORT TONS) | 


Polmeco Soros Associates, Inc. Offshore Terminal System Con- 
Seemepreparca for the U.S. Department of Commerce, 
Macitime Admi@mistration, September 1972, Executive 
Summary Fig. 1-4. 
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countries as Venezuela, Brazil, Peru, Chile, New Zealand, 
Liberia, and Australia. In the future these countries are 
expected to become more important suppliers of iron ore. 
pretwo, Volamll, p. 264] 

Robert R. Nathan Nalco tietes recently predicted the 
United States annual oceanborne imports of alumina will, 
roewmitkely, reach 5.7 MST by 1980 and 15.2 MST by the year 
2000. Predictions for annual oceanborne imports of alumina 
promot 15.9 MST by 1980 and for 15.9 MST by the year 2000. 
{Ref. 3, Vol. I, p. 16] (See Table II and Drawing 2 for 
Suscaepredictioms by Stanford Research, Booz-Allen, Litton 
Systems and Soros Associates.) 

In recent years countries in the Caribbean (Jamaica, 
Derinican Republic, and Haiti) and South America (Surinam 
and Guyana) have been the major sources of the United States 
supply of bauxite and alumina. However, in the near future 
the United States will, most likely, import progressively 
more bauxite from Australia and Africa (Guinea and Ghana). 


[Ref. 3, Vol. II, p. 309-310] 


+ Key assumptions: "Imports of both alumina and bauxite 
are expected to be constrained by policies of the less de- 
veloped producing countries requiring the indigenous pro- 
cessing of aluminum raw materials. Other key assumptions 
underlying the projected imports are that annual growth of 
U.S. aluminum consumption would progressively decline from 
8 percent in 1970 to 4 percent in 1990 and 2000; aluminum 
imports would increase from approximately 10 percent of 
consumption in 1970 to 15 percent in 1980 and 27 percent 
in 2000; and primary aluminum production would increase 
ieom Trougniy 4 million tons in 1970 to 11.5 million tons in 
aoo S| fiker. 3, Vol. I, p. 29-30] 


1g 
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Table II. Comparative Estimates of U.S. Imports of Bauxite 
and Alumina 
(In millions of short tons) 
Estimates 1975 1980 1995 2000 
RRNA 2/ 
Bauxite: 
Memomab le... 1.5.65 6 wees nea sss 0 gl 4 I 15.9 
LO} (a n.a Wie G7 nea Jif Sa 
Alumina: 
Memon le.... «sees hia. Sele heel Sez 
RIGO s 4 ss ss ee ss nea 6.5 gl fl Ikeh s(t 
Stanford Research 
Bawxite and altuna... . Ze | 16 eee See Mea. 
Booz-Allen 
bauxite: 
LO, en nea. 8.0 8.0 eel 
CCl) a: i=. Hier. ONS POce hea 
i, hn Nera; 15.6 0 n.a 
Alumina 
LOW i. | an n.a see7 i mea 
WEG — 2. alee zie 8.6 18.7 al Ve 
Je. Sa ieee LIARS 61.7 jo lgpars! 
Bureau of Mines n.a. lean n.a. Meal. 
Litton Systems 
Bauxite: 
Setleeant CTOWth........ Risidee fe ts n.a. aha 3.3 
OGL S66 i.) ts ake o4a4 n.a. aes 
a/ Robert R. Nathan Associates 
Source: 


Robert R. Nathan Associates, U.S. Deepwater Port 
mludy, prepared for U.S. Army™€orps = Engincers, 
mest 1972. (Oriieinal Sources - Stanford Rescarch 
Mistimeiee — Principal Us, Dry Bulk Commodity Sea- 
bomicelmports and Exports cor 1975 and 1995, pre- 
pared for U.S. Department of Commerce, Maritime 
Pommnstnation.  Booz-Allen Applicd Research Inc., 


momegise Of U.S. Oceanborne Foreign imades in bry 


Pie Commodities, prepared for U.S. Department of 
Pieerror ss Litton Syst@®ms Inc., Occanborne Shipping 
Wemana and Technology Forecast, prepared for U.s. 
Department of Commerce, Maritime Administration.) 


i) 
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Drawing 2. Projected Annual Oceanborne Imports of Bauxite 
and Alumina to the Year 2000 (millions-short tons) 
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The problem of import-dependence for supplies of non- 
fuel mineral resources is to a large extent economic. The 
United States still has large known and potential reserves 
of many non-fuel mineral resources. However the accessi- 
bility and quality of the remaining resources is progres- 
Sively declining, and the cost of exploration, development, 
and exploitation are steadily increasing. [Ref. 4, p. 45] 
The easily accessible high grade iron ore once mined at the 
Mesabi Range has for the most part been depleted. Copper 
ore with less than 1% copper is presently being mined in 
the United States. <A decade ago copper ore would not have 
been mined unless it pencained in excess of 2% copper. 

{Ref. 5, p. 109) 

In order to mine progressively lower grade ore, propor- 
tionately larger volumes of earth must be disturbed. This 
problem has been the subject of great controversy between 
ecologists and the mining industry. There is, of course, 
another source of metals to be "mined" and this is through 
mecycling. For all the publicity recycling has recently : 
received the results have not been impressive. For example, 
all the aluminum cans brought to recycling centers have only 
provided approximately one tenth of the current production 
needs. There presently are no significant economic incen- 
@eresein the United States for making large scale recycling 
mame rally attractive. (Ref. 5, p. 174] There have re- 
cently been numerous suggestions on methods to make recy- 


@iemeetinancially attractive. Establishing tax incentives 


Ze 





for recycling to compete with the depletion allowance of 
mined ore and lowering freight rates for recyclable scrap 
to rates similar to mined ore have been two suggestions. 
Raising ecological costs in mining operations by requiring 
the restoration of mined areas to their original condition 


would also encourage recycling. 


B. IMPORT-DEPENDENCE FOR FUEL MINERAL RESOURCES 

The United States is the world's major consumer of fuel 
mineral resources. In 1970 the United States consumed 43% 
of the energy and 36.7% of the petroleum used in the free 
world. However, in 1970 the population of the United States 
comprised only 8.3% of the entire free world population. 
ieeme 6, peezZ5) “in 1971 the United States consumed apprexi - 
ace ly5,oco million barrels” of petroleum, 22,050 “bil inom 
GUowemrcet Of Matural gas and 510.8 MST of coal. [Ref. is 
p. 18] As indicated in Table III, the Department of the 
Interior anticipates that the consumption of all three fuel 
mineral resources will increase in the future .° 

The United States has vast coal reserves and has for 
Mane drs been amet exporter. In 1969 the United States 
Exomeed 50,25! Of Coal and exports inereascd to /0.9 Mal 


pes. (Rem 1 p. 4] ft TS anticipavcedsthats the Unters 


2 data available from the U.S. Government and industry 
are expressed in terms of 42 gallon barrels. 


“These predictions were made in 1972 prior to the 
Peeoiezation of Petroleum Export Countri@s (OPEC) embargo 
feoecieir validity is questionable due to the higher cost 
eaeoetroleun. 
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States will remain self-sufficient for supplies of coal in 
the future. However, the United States is import-dependent 
for supplies of both natural gas and petroleum. Since the 
thesis is limited to only those bulk commodities which ap- 
pear to have a potential requirement for deepwater ports, 
natural gas import-dependency will not be discussed. 

In 1970 the United States was import-dependent for ap- 
proximately 1.3 million barrels per day (MM B/D) of crude 
PeenolLoum [Rede 5,) Volpi igesp. 57|] By 1971 crude imports 
had increased to approximately 3.9 MM B/D. [Ref. 7, p. 18] 
In 1972 this figure was approximately 4.7 MM B/D; over 25% 
of the United States crude petroleum requirements. [Ref. 8, 
p. 781] Robert R. Nathan Associates recently predicted the 
United States daily oceanborne imports of crude petroleum 
will, most likely, reach 6.9 MM B/D by 1980 and 19.7 MM B/D 


a: 


by the year 2000. [Ref. 3, Vol. Tl, p. 73] Numerous 


"projections assume no change in Governmental policies 
affecting exploration for and development of petroleum and 
Natural gas resources in the United States. The rate of 
growth of petroleum consumption after 1980 is assumed to de- 
eric womanimaverage Of 2.1 percent™annually from long-term 
past growth rates of approximately 4 percent. There is a 
further assumption that the downward trend in the volume of 
crude petroleum production would be reversed, and that com- 
mercial supplies of petroleum products would be available 
from petroleum shale and synthesis of coal. Should these 
assumptions prove to be invalid, import requirements would 
bemnome Ovmmess than projected, [Ref. 4, Vol. I, p. 26-27] 


Brhese Preaietilom were made am 1972 prior to the OPEC 
embargo and their validity is questionable due to the higher 
Geet OL petroleum. 
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projections of United States future crude petroleum import re- 
quirements have recently been computed. Table IV contains 
projected import requirements computed by the Department of 
the Interior and the National Petroleum Council. (See 

Drawing 3 for Soros Associates projections to the year 

2000.)° All projections included have assumed completion 

of the Alaska pipeline. 

As a result of the recent OPEC embargo President Nixon 
has launched Project Independence, an effort to make the 
United States self-sufficient in energy resources by 1980. 
There has, however, been no formal plan revealed as to how 
this project will be implemented. A recent article in the 
Hall Street Journal stated, “Achieving energy self-suffi- 
ciency by 1980, or even 1985, would impoSe serious strains 
and huge costs on the Amenelcen economy. Project Indepen- 
dence has sweeping implications for the cost of living, 
government spending, the quality of the environment and the 
nations economic ties to the rest of the world." [Ref. 9, 
p. 1] A large number of energy officials within the admin- 
IStratlonm and also in private business believe téhe 1980 
Pi UGewsieamOveT ia SOoDtiMmi Stic for Such a aid)One pro) Cet. on 
David Freedman, a former White House energy policy chief, 
was recently quoted by the Wall Street Journal as stating, 


"ihe 1980 target date is» completely unrealistic!" [Ref. 9, 


"These predictions were made in 1972 prior to the OPEC 
embargo and their validity is questionable due to the higher 
Seat Of petroleum. 
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Table IV. Projected Crude Petroleum Imports (million barrels 


per day) 
a/ 1975 1980 1985 2000 
NPC— 
Case I fiesl0. 5.5 3.4 He abe 
Case II Lae. 7.4 8.8 Nua. 
Case III Seo 10.3 13.6 Neal. 
Case IV 9.6 15.3 19.3 nea. 
uspib/ 
ase I 6.3 8.9 12.9 1925 
Case II 1 Ds i a, f (me 
RRNAS/ nia. 9 nea. Noe 


a/ National Petroleum Council (Total imports of crude petroleum) 

CASE I - Based on very optimistic assumptions concerning 
supplies of coal, natural gas, and nuclear energy including 
resolution of environmental controversies, availability of 
governmental land for energy resource development, adequate 
price and tax incentives, and a high degree of success in 
locating undiscovered resources. 

CASE II - Based on less optimistic assumptions regarding 
energy sources competing with petroleum, but these, never- 
theless, are more favorable than factors presently influenc- 
ing energy supplies. 

CASE III- Considered the most likely outcome, is based 
on the assumption that the present policies will continue. 

CASE IV - Based on the assumption that there will be a 
Sharp reduction in the availability of fuels other than 
petroleum and that the highest level of petroleum imports 
will be required. 


b/ Department of the Interior (Total waterborne crude petroleum 
imports) 
CASE! = No®stimulation of US. 011 and gas production. 
CASE i Maximum Stimulation ot U.S. o11 and gas pro- 
awe t Prone 


c/ Robert R. Nathan Associates (Total waterborne imports) 


SOUR@eS== Mobil O11 Corpm - Statement by De suaan 2elewell, 
Senionevmees resident, Mobil O11 Corp. at NOAA "lhe UGeans 
and National Economic Development" conference 17 July 1973. 
(Omrecimal Source - National Petroleum Council stuad.- U.S. 
Piememourtooho. 1971.) U.S. Departmemieof the Interior - 
Statement by J. Horton, Assistant Secretary for Land and 
Water Resources, Department of the Interior before House 
Merchant Marine and Fisheries Committee, 12 June 1975. 
60riginal source - Department of the Interior - United States 
Energy Through Year 2000, Government Printing Office, 1972.) 
Rowert Ri =Nathan Associates, U.S. Deepwater Port Study, 
Peeeparecdeior U.S. Army Corps of Enpineers, August 1972. 
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Drawing 3. Projected Annual Oceanborne Imports of Crude Oil 


Source: 


IMPORTS — MILLIONS OF BARRELS PER 


to the Year 2000 (millions of barrels per day 
and millions of long tons per year) 
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p. 2] if Project Independence is implemented and does in 
fact become a reality the various projections in Table IV 
and Drawing 3 will not be accurate. 

Canada and Venezuela have in the past been the major 
source of the United States' imported crude petroleum. How- 
ever, the United States has recently been importing progres- 
Sively greater quantities from countries in Africa, the 
Middle East and the Far East. Robert R. Nathan Associates 
recently predicted that by 1980 the United States will be 
imeerting appmoxmamately.71% of its imported crude oil re- 
quirements from these three geographical areas. [Ref 3, 
Mom iil, p. 73] Approximately 85% of the free feet = known 
emmae oil reserves are located in the Middle East, Africa, 
enamwsoutheast Asia. [Ref. 8, p. 781] 

As was the case with non-fuel mineral resources, import- 
dependence for fuel mineral resources is also to a large 
extent economic. [Ref 4, p. 45] Vast reserves of coal, 
natural gas, and petroleum remain either beneath or offshore 
the United States... However, the accessibility of these fuel 
resources is progressively declining, and the costs of ex- 
plomamiom, development, and exploitation are increasing. 
Environmental pressure and legislation is also acting as a 
detereme tovexpanded fuel resource extraction. Due to eco- 
Mente vandeeiwironmental considerations the United States 
tid. at least for the near future, remain import-dependent 


fomemililvons of barrels of crude petroleum per day. 


fas, 





C. CHANGING GEOGRAPHICAL ORIGIN OF IMPORTED MINERAL RESOURCES 

For many years the United States has been fortunate to 
receive the majority of its imported fuel and non-fuel min- 
eral resources from Canada, Latin America, and Caribbean 
countries. [Ref 4, p. 46] As indicated in Table V, the 
vast majority of these resources imported by the United 
States in 1970 originated in the Western Hemisphere. As a 
result of this fortunate situation, transportation costs 
hGiecehese baSic maneral resources were relatively low. How- 
ever, this situation has been gradually changing as our 
Western Hemisphere neighbors are becoming more highly in- 
aieerlalized and are, therefore, using a greater share 6 
their mineral resources. The recent trend in the origin of 
imported mineral resources, as indicated previously, is away 
from the Western Hemisphere countries and toward Australia, 
New Zealand, Africa, the Middle East and Southeast Asia. 
Mece, 45°). 46] The trend in the future is expected to be 
towane @onger shipping distances for fuel and non-fuel min- 
G@yal resource imports. This trend is not unique to the United 
metees, aS andicated on Table VI, this trend 1s occurring 
throughout the world 
D. INCREASING COMPETITION IN THE WORLD MARKET FOR MINERAL 

FESUURCES 

The United States is not the only major industrial coun- 
try that is becoming progressively more dependent on foreign 
fuel and non-fuel mineral resources. For example, Japan and 


Western European countries have, in general, been dependent 
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for years. As their economies continue to expand import 
requirements will, most likely, continue to increase. The 
less developed countries, which are a primary source of much 
of the world's high grade mineral resources, are also ex- 
panding their industrial bases and raising their standards 
of living. Their annual consumption growth rates of mineral 
resources will, most likely, surpass the rates of many of 
the industrialized nations. (See Table VII.) Due to the 
ever increasing world aggregate demand for mineral resources, 
Piesworld market place for mineral resources 15 becoming 
pEooressively m@rescompetitive. The United States, as it 
Simemues to became mone import-dependent, will be forced to 
bargain for mineral resources in a highly competitive market 


ibace . 


Table VII. Annual Growth Rates for Consumption of Major 
: Minerals in Selected Countries, 1964-69 
(In percentages) 


USA Erance Italy W. Germany U.K. Japan 


Petroleum 5.0 Graal 9.7 11.6 V2 6 iby. 
Gopper 3.0 25 Se: 3.4 = ae 
Lead oro 2.9 eee 5.0 - ce 
arrnre 2S 3.3 Ga - - oe 
Nickel ~ 9.2 13.8 ea - iby 
Aluminum PES 8.0 13.8 10.8 2-0 Ae dae 
Steel 3.3 5.3 ibis Ca 0.8 1A 

GNP* 4.6 as 5.4 4.7 2.3 10. 
hove. 2.0 Ine constant prices. 


pomuee: we lenander Lang, "A Crisis in Critical Commodities,” 
Columora Journal of World Business, Vol. [II, No. 1, 
(Spring 1973) p. 49. (Original source - Japan's 
Ministry of International Trade and Industry, "White 
Paper on Prospect of National Resources Problems in 


Japame slrade and Industry of Japan-HCconomic Reports, 
Noweeltow 1972.) 
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IV. PRINCIPAL BULK COMMODITY PORTS AND COMMODITY MOVEMENTS 


weet COAST OF THE UNITED STATES 

The principal bulk commodity ports on the east coast are 
Portland, Boston, New York, Philadelphia, Paulsboro, Marcus 
Hook, Baltimore, Hampton Roads, Charleston, Savannah, Jack- 
Semevtiie and Port Everglades. [Ref. 3, Vol. III, p. 21-69] 
(See Table VIII for depth of water in main channels.) Ex- 
isting main channel depths vary from a minimum of 35 to a 
maximum of 45 feet. Thus channel depths limit the maximum 
saze Of fully laden bulk carriers to approximately 80,000 
DWT. 

The major bulk commodity movements through ports in the 
New England and New York Harbor area are receipts of domestic 
and foreign crude and petroleum products and domestic coal. 
The majority of crude petroleum is received at Portland for 
further delivery to Canadian refineries via pipeline. Since 
this region has very limited refining capacity most of the 
petroleum received is in the form of finished products. 
ieee Ss. Voleiiion. 20-21] 

The major bulk commodity movements through ports in the 
Delaware Bay wand River area are foreign and domestic crude 
and petroleum products. However, due to the refining ca- 
MaGiivein this a@rea more crude is received than finished 
Meeatctso  linesport of PhiladéIlphia also receives substan- 


Memeechipments of iron ore. [Ref. 3, Vol. III, p. 20-21] 
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Table VIII. Main Channel Depths of Principal Bulk Commodity 
Ports in the United States 


Depth of Main Channel at 


Name of Port Mean Low Water (in feet) 
Portland Soe 45 
Boston 40 
New York 35-45 
Philadelphia 35-40 
Paulsboro 35-40 
Marcus Hook 35-40 
Baltimore 37-42 
Hampton Roads SaaS 
Charleston 35 
Savannah 38 
Port Everglades 7 
Tampa 54-36 
Mobile 40-42 
New Orleans 55 =40 
Beaumont-Port Arthur 36 
Galveston-Houston 40-42 
Pert Lavaca 36 
Corpus Christi 55-4 7 
Brownsville 36-38 
Long Beach 5 55.02 
Los Angeles 47-50 
Richmond 35-45 
Portland 48 
Tacoma 50-43 
Seattle 30-43 


Soucce: Robes achan Associates, UlS. Deepwater Port 
Stu yeee vole Sil, prepared #0rethe U.S. Army Corps 
Guskmaumecrs, Institute of Water Resources, 
August 1972. 


In the Chesapeake Bay area the movement of bulk commod- 
ities is dominated by exports of coal from the ports of 
Baltimore and Hampton Roads and the receipt of iron ore at 
Paltimoncemmbomemon and domestic crude and petroleum pro- 
ducts are also received, primarily at Newport News and 
PabimioncwmRet.05, Vol. I1L1,.p. 20-21] 

The region between the port of New York and Hampton 


Roads is very heavily industrialized. In 1970 the ports in 
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this region handled over 90% of all U.S. coal exports and 
over 80% and 50% of the total iron ore and crude petroleum 
imports respectively. During the period between 1970 and 
1980 the Maritime Administration has predicted the foreign 
traffic through these ports will increase by 135% for crude 
petroleum, 30% Wor coal , waned 2235 for iron ore. (Ref. 10, 
Peat) 

In ne south Atlantic ports the major bulk commodity 
movements are the receipt of foreign and domestic crude and 
petroleum products and the export of grain and phosphate 
rock. The receipt of petroleum products is far greater than 
€rude due to the very limited refining capacity in this area. 
meer. 3, Volley oe-09)] 

In 1970 thespoealedemand tor petroleum products in the 
United States was approximately 14.7 MM B/D. The 16 eastern 
most states which make up Petroleum Administration for De- 
fense District I, (PAD I) consumed approximately 5.85 MM B/D 
or 40% of all petroleum products consumed in the United 
States. [Ref. 3, Vol. II, p. 38] PAD I depends heavily on 
both domestic and foreign sources of finished petroleum pro- 
du@es Silleememrsting refining Capacity can@only supply one 
quarter on the district's demand. In the past, the majority 
of the crude petroleum supplied to PAD I refineries, was 
Reem the Gulf states. However, due to a reduced supply of 
demesta'c crude from the Gulf states, more crude has recently 
becemeimporved. Sihisetrend is expected to continue in the 


future. PAD I refineries are primarily located on coastal 
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and waterway areas in New York, New Jersey, Pennsylvania 
and Delaware. Three quarters of the refinery capacity in 


PAD I is served through the Delaware Bay and River. 


Beeb l COAST OF SiHE UNITED SALES 

The principal bulk commodity ports on the Gulf Coast are 
Tampa, Mobile, New Orleans (and other Mississippi ports). 
Beaumont-Port Arthur, Galveston-Houston, Port Lavaca, Corpus 
Christi and Brownsville. [Ref. 3, Vol. III, p. 96-97] 

(See Table VIII for depth of water in main channels.) Ex- 
isting main channel depths vary from a minimum of 34 to a 
maximum OL 47 feetges Thus channel depths limit the ymaximum 
size of fully laden bulk carriers to approximately 80,000 
DWT. ; 

The major bulk commodity movements through ports in 
western Florida and Alabama are exports of phosphate rock 
from Tampa and grain from Mobile and the receipt of petrole- 
um products and coal in Tampa and iron ore and bauxite in 
Mobile. In Wouas cana ports the major bulk commodity ship- 
ments are grain and petroleum products and the major re- 
coup eetomucueree.) in the Texas ports ie amaj or shipments 
are limited to grains and petroleum products and the major 
Teceupt is@mauxites ([Refvezgevol. ILI], ~epees6-97| The Gulf 
coast states of Louisiana, Texas, and Alabama receive approxi- 
fierrety 955 or all bauxite imported by the United States. 
Tampa exports approximately 80% of all phosphate rock ex- 


ported by the United States. 
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The major refining centers on the Gulf coast are located 
in the Houston, Beaumont, Port Arthur, Corpus Christi, New 
Orleans, Baton Rouge, Lake Charles and Pascagoula. The Gulf 
coast states until recently, had been self-sufficient in 
crude petroleum. However, now more foreign crude is progres- 
Sively being imported. By 1980 states in the Gulf coast will, 
most likely, be importing approximately 3 MM B/D. [Ref. 2, 
Vol. II, p. 49] 


meets! COAST"OF THE "UNITED STATES 

The principal bulk commodity ports on the west coast are 
Long Beach, Los Angeles, Richmond, Portland, Tacoma and 
Meattlc, |Ret. Savor, LIL, p. 144-145] (See Table VIII 
for depth of water in main channels.) Existing main channel 
depths vary from a minimum of 30 to a maximum of 62 feet. 
Ports at Ferndale, Oregon and the California ports of Rich- 
mond and Los Angeles can accommodate fully laden bulk car- 
riers up to 100,000 DWT. Long Beach can accommodate fully 
laden bulk carriers up to 130,000 DWT. There are approxi- 
mately nineteen offshore tanker terminals on the coast of 
Sino viitoemmiihe:., Ll, p. 723) Most of the terminals con- 
Sictmeotecomuenecional buoy moorings with submerged pipelines. 
However, none of these terminals is considered to be a deep- 
Weber facility since the largest tankers that can be accom- 
iemeced are 130,000 DWT. ([Ref. 12, p. 41] 

The major bulk commodity movements through ports in 
Peeeeoriiag are the receipt of crude and petroleum products 


and shipment of petroleum products. In the Washington and 
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Oregon ports the major bulk commodity movements are the ex- 
port of grains and the receipt of petroleum products and 
alumina. ~|Ret Sev olee tlie py a4 — 145] 

The domestic production of crude petroleum by west coast 
States has been declining. California has been the largest 
producer of crude petroleum of all western states, however 
production of crude has been declining since 1968. Until 
completion of the Alaska pipeline, foreign sources of pe- 
troleum will, most likely, increase. In 1970 approximately 
0.3 MM B/D were imported, by 1980 the Corps of Engineers 
have predicted that foreign imports for west coast states 
may reach 2 MM B/D. Ninety five percent of the west coast 
refining capacity ismiocated inmthe three major service 
areas of Puget Sound, San Francisco Bay and Los Angeles-Long 


Beach. [Rete et2eep.. wl) 
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Ve CONSTRUCTION OF OCEAN BULK CARRIERS 


Peace cCENI SiistORY IN THE CONSTRUCTION OF OCEAN BULK CARRIERS 

During the years immediately following World War II 
emphasis was placed on rebuilding the world's merchant 
fleet, however there was little incentive or time for ex- 
fmemimentation. During the late ‘forties and ‘fifties the 
world's merchant fleet was rebuilt largely along traditional 
Mines. |Ref 13, p. 153] Until 1957 most ocean bulk car- 
memes were limited im size to transit the Suez Canal. How- 
ever, the growing dependence by many of the world's industrial 
iacLons Of foreton mineral resources and the closing of the 
Suez Canal in November of 1957 added new impetus for change 
in shipbuilding. Even though ihe Suez Canal was closed for 
a relatively short duration it was evident to the Northern 
European countries and to a lesser extent the United States, 
that the long route from the Persian Gulf 011 supply around 
the coast of Africa was unsatisfactory. Since the shipment 
of crude petroleum dominated world bulk trade and supplies 
of petroleum were being Diaced INepcopardy seudmker “COlles 
SEmUctioumneeeived top priority. 

VitiQGiv@eener size limitation of the Suez Canal as a con- 
straint shipbuilders began to build progressively larger 
jMimnhers. Ihe Japanese shipyards took enemleaidesatidwedi £950 
Pamened the 114,365 DWT Universe Apollo. During the 1960's, 


Slimpyards Degan to incorporate new technologies. Computer 
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aided ship design was used to free the naval architect from 
the past practice of making conservative, incremental de- 
Sign changes. Analytical techniques from the fields of 
Operations research and systems analysis were also intro- 
duced to quantitatively define and compare various ship 

and supporting system designs in order to select the optimal 
combination. There were also major technological advances 
in hull design and fabrication, propulsive machinery, cargo 
handling devices and automatic controls. [Ref. 13, p. 156] 
As a result of the combined technological improvements, the 
competitive nature of the industry, and a considerable amount 
of ingenuity, shipyards produced progressively larger and 
mone etficient bulk cargo ships, 

By the end of 1966 there were 23 ocean bulk carriers in 
servilce Wiktthedeseapacity over 100000 DWI>) The second cisco 
ing of the Suez Canal in mid-1967 added further impetus to the 
construction of more large ocean bulk carriers. During the 
four years between 1966 and 1970 the number of ships in the 
world fleet with a capacity in excess of 100,000 DWT in- 
Gveaseduiromecs to 519. (See Table Ik2) >) Of this number 
275 were tankers and 44 were either dry bulk or multi-purpose 
bulk carriers. in 1970 the largest shipsean the worlds 
fleets were the six 326,000 DWT tankers of the Universe 
Ireland class. These ships were built in Japan with a length 
Taio oeneeeemieam of 175 ft. tandsamdnatmoiwol tt. Al- 
though the size of the dry bulk and the multi-purpose bulk 


Carriers in service in 1970 was considerably less than the 
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Universe Ireland tankers there were seven ships of this type 
miethe 150,000 to 199,999 DWI range. During the period 1966 
to 1970 the number of ocean bulk carriers in operation over 
100,000 DWT increased at an average annual rate of 350 per- 
Some, i Ret. l0eep. 6] 

At the end of 1970, as shown on Table X, there were, in 
the over 100,000 DWT class, 279 tankers under construction 
or on order averaging 240,000 DWT and 181 dry and multi- 
purpose bulk carriers averaging 150,000 DWT. The growth of 
Warge ocean bulk Carriers exceeding 100,000 DWI placed under 
construction or on order was phenomenal. In 1971 a new, 
larger tanker joined the world fleet. The 372,400 DWT 
Nesseki Maru, also built in Japan, had a length of 1,243 
time beameat I77 £t. and a draft of 89 ft. [Ref. 10, pau?) 
dn 1972 the 4778000 DWT tanker Globtik Tokyo was launched in 
Japan and became the lapeest shmpem the world, with a lenecn 
Cue it., beam of 203 ft. and draft of 92 ft. In 1973 
the Globtik London was launched, she is of the same dimen- 
sions as her sister ship, the Globtik Tokyo. The Globtik 
London and Globtik Tokyo are presently the largest ships 
afloat and each has the capacity of almost 3.5 million bar- 
frowOteemuae petroleum. The world's largest multi-purpose 
bulk carrier is the 280,000 DWT Svealand built in Sweden and 
fomenwedaines 1975, (fhe Svealand has a length of 1109 ft., 
beam of 179 ft. and draft of 71 ft. [Ref. 14, p. 121] Dur- 
Piece past few years the majority of tankers that have 
jemmed thesrlcet with a capacity of over 100,000 DWT have 
meenein theez00,000 to 300,000 DNT range. (See Table XI.) 
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Table XI. 


Size Groups (DWT) 


World Tanker Fleet: 


NO Ore EX1S tine 
Tankers Jan. 


Size Analysis 


NOG sone XSi ame 
1971 Tankers Jan. 1973 


100,000 149 ,999 108 136 
150,000 199 ,999 55 38 
200,000 249,999 sil: 204 
250,000 299,999 15 58 
300,000 349 ,999 6 i 
350,000 399 ,999 1 
400,000 and over 1 
TOTAL 775 445 
Sources: Ocean Industry, June 1973 and The Economics of 


Decree n lerminals, U.S. Department of Commerce, 
Maritime Administration, Government Printing 
Office, 1972. 

UNIitcdmoeavcomalipyards Maye only recently begun Ccon- 
Struceinombamkens with capacities over 200,000 DWT. The 
Seatrain Shipbuilding Corporation Gecently launched the 
225,000 DWT Brooklyn. This is the largest ship ever mene 
ed in the United States, it is 1094 ft. long and has the 
GCapaeceieeeo, Catjaguel.5 million barrels of crude petroleum. 
The Seatrain yard, located at the old Brooklyn Navy Yard is 
also constructing two additional tankers of the same class. 
Bethlehem Steel Corporation's Sparrow's Point Yard is pres- 
ently building three 265,000 DWT tankers. The estimated 
completion date for the first tanker is May 1975. The United 
States Government will pay an estimated $19 to $30.5 million 
doi@fars anweonstruction dwtfférential subsidies for each of 
these six VLCCs, [Ref. 15, p. 9] however, their full load 


dvyaat preclumes their entry Into any U.S. port. 
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B. FUTURE TRENDS IN THE CONSTRUCTION OF OCEAN BULK CARRIERS 

The size of the ocean bulk carriers presently on order 
indicates that even larger ships will soon be joining mer- 
chant fleets. Shell 011 Company has recently contracted for 
the construction of two tankers in France, each with a dead- 
weight tonnage of 533,000. Globik, the British-based ship- 
ping group recently placed an order for a 706,000 DWT tanker 
with IHI - Ishikawajima Heavy Industries of Japan. Drawing 
4 shows the size of the largest tankers, bulk carriers and 
freighters up to the year 2040 as projected by the U.s. 
Department of Commerce, Maritime Administration. The num- 
bers indicated contain arbitrarily-chosen practical limits 
of ships based upon an assessment of the current and poten- 
tial state-of-the aie lie siete Oteeiim sizes Indicated 
shows the possibility of a 1,000,000 DWT tanker by 1982 and 
a 400,000 DWT bulk carrier by 1995. 

There is little doubt in the shipbuilding industry that 
a 1,000,000 DWT tanker is a physical possibility within the 
next few years. The Onassis group is presently designing a 
million ton tanker. A great deal of discussion has recently 
taken place concerning the proposed million ton tanker. One 
disadvantage of such a mammoth tanker is its draft, which 
Vii bemencrelO0mrt.  (oee Drdwint 52) Due to a deeper drat 
some of the existing trade routes would become obsolete. For 
exampleneaamaliaon ton tanker could not enter the Nowth Sea 
via the English channel. IHI, which has built the majority 
of the largest tankers presently afloat, claims that a mil- 
lion ton tanker would not be economically efficient. 
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Drawing 4. Projected Deadweight Tonnage of Large Ships to 


Source : 


the Year 2040 
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Casimer J. Kray, "Stpership Effect on Waterway Depth 
and Alignment," Journal of Waterways and Harbours 
Diveenon, Proceedings of the American Society of 
Gwvemimeengineers, (May 1970), p. 498, (Original 
seUrmes —~ U.S. Department of Commerce, Maritime Ad- 
Nvsmotration. ) - 
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Drawing 5. Tanker Characteristics. 
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Coneepes , prepared for the U.S. Department of 
Commerce, Maritime Administration, September 1972, 
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The construction price per deadweight ton is presently 
at a minimum between 600,000 and 700,000 DWT. Any ship that 
is constructed over 800,000 DWT would, most likely, require 
twin screws. Due to the loss of economy with twin screws, 
IHI claims that the transportation cost per long ton for a 
million ton tanker would be approximately equal to the trans- 
portation cost per long ton of a single screw 400,000 DWT 
aumeer. iinet, logp. 27-25} 

Although there are a few tankers presently on order above 
$00,000 DWT, the majority of the tankers on order above 
100,000 DWT are in the 250,000 to 300,000 DWT range. (See 
Table XII.) As of 1 January 1973 there were 444 tankers on 
order with a capacity over 100,000 DWT. The Maritime Admin- 
istrat lemme indiieatesmthat the maji@rityeof nemetankersmto join 
the world fleet will, most miteiae be underes00 ,000mDNT. 
Tankers constructed with a larger capacity would only be 
able to operate on specific routes between the Middle East, 
Europe and Japan. These larger ships will, most likely, be 
severely limited to a few specialized ports having deepwater 
benemine ws iandlanp and storage faciilitiess ~The Maritime Ad 
ministration believes most of the world's tankers will re- 
quire much more operational flexibility and the spiraling 
trem so Cuan lagcer tanke rss wi Wieelevede off in the future 
and stabilize in the 200,000 to 300,000 DWT range. [Ref. 10, 
peo] The Maritime Administration expects a similar level- 
ing off in the construction of both dry and multi-purpose 


muekecarriers. By 1975 the average size of all dry and 


49 





Table XII. Tankers over 100,000 DWT on Order, January 1973 


Size Groups (DWT) On Order 
100,000 - 149,999 87 
150,000 - 199,999 eZ 
200,000 - 249,999 98 
250,000 - 299,999 188 
300,000 - 349,999 57 
350,000 - 399,999 16 
400,000 and over 6 
TOTAL 444 


weeee. J0ceammnldusthy, October 1973, p. So. 


fabker-purpose bUEk Carriers in Sé€érvice is expected to exceed 
150,000 DWT and by 1980 the majority of new bulk carriers 
are expected to be within the 200,000 to 300,000 DWT range. 
beet. 10, p. 7] 

Many United States shipyards are presently expanding to 
construct larger ocean bulk carriers. Avondale and Sun Ship 
are presently expanding to be able to construct 400,000 DWT 
Ships and Newport News is expanding to construct 600,000 DWT 
Parps. “~Ref. 17, p. 31) Todd Shipyards has recently re- 
Gerved Contracts for six 380,000 DWI tankers and Exxon has 
recently submitted a subsidy application to the Maritime Ad- 
Ministration to construct two 400,000 DWT tankers. In 
September of 1973 the Maritime Administration held subsidy 
app lacatwems for 35 tankers exceeding 200,000 DWT. [Ref. 18, 
Dp. =} 
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Vi. GCONOMIC@SrOF “SUPER” BULK CARRIERS 


A. ECONOMIES OF "SUPERS BULK CARRIER CONSTRUGH TION 

The first analysis of economies of "super™ bulk carrier 
construction is based on a tanker price study conducted by 
Ishikawajima-Harima Heavy Industries (IHI). IHI is located 
in Japan and holds the world's record for constructing the 
largest ships afloat, the 477,000 DWT Globtik London and 
Globtik Tokyo. Due to the proprietary nature of tanker 
perce information, LHI did not@eveal actual Mrrees. 

One of the most influential factors in determining a 
tankers price is the hull steel weight. (Hull steel weight 
1s not to be confused with DWT which is a measure of ships 
capacity.) Hull steel weight per DWT decreases as ship ca- 
pacity increases up to approximately 250,000 DWT. Above 
this point, due to structual considerations, hull steel 
weight per DWT increases. Therefore, considering hull steel 
weight alone, above 250,000 DWT tanker price increases per 
DWT. However, as indicated on Drawing 6, due to other econ- 
mies imveonstruction, tanker price per DW] Goentinues to 
decrease beyond 250,000 DWT and does not reach a minimum 
motel approximately 600,000 to 700,000 DWT. Bibove 700,000 
DWI Geanker peree per DWT increases. From a technical DoOLMe 
of view, IHI considers twin propeller propulsion necessary 
mien Ship Capacity reaches 800,000 DWI. This price rise is 
mepresented on the drawing by a break in the cost curve. 
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The second analysis of economies in construction is based 
on a cost:‘study conducted by Standard 01il Corporation of New 
Jersey. The analysis uses the base case method and therefore 
all costs are relative., The costs are based on 1974 delivery 
costs for tankers constructed in Europe and Japan. A 50,000 
DWT tanker is the base and is assigned a relative cost per 
DWT of one. (See Drawing 7.) The relative cost curve is 
plotted in terms of relative tanker investment cost per DWT 
on the vertical axis and ship carrying capacity in DWT on 
the horizontal axis. As indicated a the drawing, tankers 
smaller than 50,000 DWT have a higher per DWT cost and tankers 
Warger have a relatively lower per DWT cost. A 250,000) Dig 
tanker has a relative cost of .54 per DWT and a 400,000 DWT 
tanker has a relative cost of .46 per DWT. Although signi- 
ficant construction cost economies are demonstrated by this 
brief analysis even greated economies may be possible. Costs 
for tankers above 250,000 DWT delivered in 1974 were con- 
sidered to be excessive due to the unusually high demand and 
timated shipyard facilities. © |Ref. 19, p. 16] 

A study conducted by Soros Associates, is supportive of 
the first two analyses. Drawing & summarizes the results of 
the toreian and U.S. tanker construction cost study. The 
Some Of taewtaGtal Cest cUmves for both foreign and U.S. 
flag tankers is decreasing which indicates a decreasing total 
cost per DWT as ship capacity increases. Soros Associates 
also conducted a study of construction costs for dry and 


Met -pUrpese bulk carriers. The results of this study 1s 
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summarized on Drawings 9 and 10. Again, a decreasing slope 
mamene tatal cost Curves indicates a decreasing total Gost 
per DVI as ship capacity inereases, (Ref. 20, Part I, 


pe Li-1] 


B. ECONOMIES OF "SUPER" BULK CARRIER TRANSPORTATION 

The first analysis of transportation economies available 
by "super" bulk carriers is based on information from a study 
conducted by Robert R. Nathan Associates and Hydronautics, 
Inc. The study was based predominately on foreign flag ves- 
sels and transportation costs were generated via parametric 
programming to a general order of magnitude level. Costs 
derived do exclude loading, unloading or any other terminal 
costs, however, costs for inport time were inciuded. All 
costs were based on 1970 dollars and tanker costs were 
based upon standard tankers, i.e., they did not have double 
bottoms or fully clean ballast systems. Anticiapted Inter- 
governmental Maritime Consultive Organization (IMCO) stan- 
dards which limit the size of tanks were included. The 
following simplifying assumptions were also made: single- 
Zacvepnoplmesionm) cor all*shaips, $45 dayeservice vear, 395 
iit eaveragcemert time; lo knot servicesspeea, S50 percent 
load factor (full cargo in one direction and ballast in re- 
turn) and 26 men on all vessels chee 200,000 DWT with pro- 
eressive increments to a 50 man crew on a 500,000 DWT tanker. 


Mees, Volo. V¥, p. 111-123] 


56 





wom] 2ieg “er ET Jaquezdes ‘uotze1ystutupy SUT ITC 
"S°N e4yz LOF poitedaid ‘sydasuoj wazske TeuTWIay, sLousys sO 


| (O00! X LMG) ALIDWdV> dIHS 
00s OOr oor 00% ool 


—_-. — — a a ee 





a | 
Cd 
oe Lied 
f~ 
o? c * 
iA . 
Tirt g 
? 
. a 
. 
4 
-_ ool 


Bice | 
‘adLowwoy) FO AuouQIedag 
"DUI “Sa ets0ssy soitos ate )2 Pe qlos, 


20 SNOITIW 
1SOD NOILINUISNOD TWLlidV5 


S4YaVvTTOG 


(SleTTOG ZZ6T) sogo BeTJ-ustsLoy pue *s*p Fo FSOD UOTJONIZSuUOD [Teitdey *6 Sutmerg 


aH 





; Ts Gat 
Sty *T 24eg SZ7L6T Loquoqydas ‘uotieazstutupy OUTITLey “SdDLOWWO) FO JUSUQIedag 
"S°N 9Y42 1OF potedord ‘sqzdaau0) waysks Teutws1o] SHOUSTO) “auT “ses rTsossy SOLOS :3d1Nn0¢9 


, 





ee 


(OOOL X LMG) ALIDVdv> dIHS 


ol 


07 


oc 


Or 


OS 


sav110d 4O SNOW 
1SO9 NOIUINULSNOD IVLIdV5 


09 


OL 


08 





06 


«- - _ 


(sleTTOG 7ZZ6T) stoytng Aig 8eTy-usto1047 pue "S$°n FO 3SO0) UOTIONAASUOD [eqItIde) ‘HT supieas 


9 8 





The annual capital charge was 11.746 percent and was 
applied to all estimates of original capital cost. (The 
1.746 figure was composed of a 10 percent return on capi- 
tal for 20 years which requires a depreciation allowance of 
1.746 percent annually based on a sinking fund approach.) 
No provision was made for income tax or annual capital 
Charges. These costs were considered to be transfer pay- 
iemessand not real economic costs. (Taxes paid by most 
meneten flags operators would, most likely, be relatively 
Smee) 6 Ref. 3, Vol. V, p. 111-145} Tables XIII and XIV 
summarize the results of the Nathan Associates and Hydro- 
Wamemes Inc. parametric computer cost study. Table XIII 
meepresented on an eStimated unit cost per cargo ton basis 
for given ship characteristics and various one way voyage 
distances. Table XIV was derived from data in Table XIII 
and is presented on an estimated unit cost per ton mile 
basis for given ship characteristics and various one way 
voyage distances. Table XIV is the most beneficial when 
analyzing transport cost economies. As indicated on the 
mim@bemene re are three dimensions to the economies. One 
economy is realized, for a given voyage distance if tanker 
Bezeetoeincreased. A second economy is realized for a given 
ship as voyage distance increases, i.e., the transportation 
mest per ton mile decreases. A third economy occurs with an 
mierease in draft for a given DWT and distance. 

Tables XV, XVI and XVII summarize a more detailed study 


@ememeted by Nathan Associates. These tables provide a 
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Table XIII. 


Estimated Unit Costs Per Cargo-Ton, by Foreign- 
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fable XIII; 
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Table XIV. Estimated Unit Shipping Costs Per Ton-Mile, by 
Foreign-Flag Vessel Size and Distance 


(In 1970 milis) 
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Table XIV. 
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Table XV. Estimated Annual Ocean Shipping Costs for Three 
Sizes of Foreign-Flag Tankers, by Cost Category 


(In’' thousands of 1970 dollars) 


Vessel d.w.t. 


Cost Component 40,0002/ 120,0008/ 300,000/ 
LOWS ee - 739.4 Lee SO 2,409.4 
Operating: 

CR! a Sr 169.0 169.0 22 Ae 
Stores and supplies... Uae 87.4 eS) i 
Beesistence........... | lWae 9 es aos 
Meamtenance, repair... OR OAS VS 5 
nigheemmsurance......... Vass) Go 574.2 
PemeeimsUrance......... S70 OSS Wah) 
BOO. ww cw ct we ee 7S 635.1 dle, SUH 6 Al 
Organic 2 Aimimauwgus . ss + « a 25.0 25.0 O50 
Poe! annual cost 
ememmaing fuel........ Ly Sis 0 eS oe Soa ees 


Annual fuel costs, 


| LUO.) eer Soe Veco cee Oro 


i@@al anmual cosSt...... Ores rs er Zoe OU cy Oe ae 


Peeoeemomaet, lemoth, B.P. 650'; breadth, mld. 97'2"; depth, 
mea? 5 oP, 14,100; speed, 16 knots; crew, 26. 

eso wdrart, Jeneth, B.P. -900'; breadth, mld. 136'; depth, 
ideo 4 s) oP, 26,100; speed, 16 knots; crew 26. 

wee edrate:  lengen, B.P. 1,095'; breadth, mld. 190'; 
Gopcm, mid. 91"; SHP, 58,000; speed, 16 knots; crew, 34. 


Pompee- we hobede KR. Nathan Associates, U.S. Deepwater Port 
Dummy, Prepared for U.S: Army Corps of Engineers, 
Mase memes Water Resources, 197Z, Vol. V, p. 130. 
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Table XVI. Estimated Distribution of Annual Ocean Shipping 
Costs for Three Sizes of Foreign-Flag Tankers, 
by Cost Category 


(In percent) 


Vessel d.w.t. 


40,000 120,000 300,000 
COSTE N reume (35' draft) (50' draft) (71' draft) 
MVeESemence.....sceess 48.0 48.1] ASS 
Operating: 
NW ee oe se we ee a ee 8) 655 Ay 7 
Stones sand 

SUD 10s) re 55 ore Oia 
SMS USGCNICE...ese<.% ieee. Oa 0.4 
Maintenance, 

MMPI gis eicibce e 3 Se 4.6 OS, Wer 
H@M inisurance...... Sa 7.0 10.8 
Peal imsurance...... DO eaee 2.0 26 

Be Oieone al << c cs «%@ os 27S ZS 7 AS 

OVemnead....<ceeeecs 126 0.9 0.5 


ioecal annual cost 
exmeiuding fuel..... ikacd Lat On 


Annual fuel costs- 
5,000-mile, one- 


ay 100g) 0) | A 22050 1s er Zu) 
Total annual 

wee... ee 100.0 100.0 PUG 0 
momrce: ~ekelert R. Nathan Associates, U.S. Weepwater Port 


Sau Prepared for U.S. Army Corps of Engincers, 
iieememce Of Water Resources, 1972, Vol. V, p. 131. 
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Table XVII. Estimated Annual Ocean Shipping Costs Per Dead- 
VomMiilon tor inree smzes ot Forewene=rilag 
Tankers 


(In 1970 dollars) 


Vessel d.w.t. 


40,000 120,000 300,000 
Cost component Cos Cie) oO”) dren) 7 eran & ) 
ive Semen t . awn s wk 18.49 LO 7 2 8.03 
eperating: 
Gee 5 ae ee 8 A) 1.41 0.74 
Stores and 
<U j0)) 00 be: =r 1 at A 0.73 UNG 
Sllpslstence. .... 0.45 Otis 0.08 
Maintenance, 
TWO MeGr., ~ c.0! sus) sees « us 3) Oe 0.59 
Fighter surance.. a... 1.96 eo? 1.91 
regia ds UY ANG e .508, <4 0.94 On SY 0.47 
UOMO l 625.6. 8 6 oes 10.59 5.29 4.36 
imiemniecad., ... Peer 0.63 Oneal 0.08 
Total annual cost 

Sweludwmie aulel.... 29.70 O27 Py 
Annual fuel costs, 

5,000 mile, one- 

reper LDS ssc. es. eee 8.79 6.08 See At. 
howalrannval-cosit.. . 38.49 2250 a7. 7S 


Source: Robert R. Nathan Associates, U.S. Deepwater Port 
Seu epuepared foumlliese Army Corps = Ememicers, 
Diemeeie Oot Water Resoumees, 1972, Vol. V, p. 132. 


66 





detailed breakdown of the various cost components for three 
aufiterent sazeetankers. (40,000; 120,000; and 300,000 DWT.) 
A one-way voyage distance of 5,000 nautical miles was used 
in computing transportation costs. All previously noted 
assumptions for the first Nathan Associates study are ap- 
plicable. Table XV provides an estimated annual component 
and total shipping cost for the three foreign flag tankers. 
Table XVI was derived from data in Table XV, however, total 
annual component Simpnimwe COStS arevexpressed as =a per - 
centage of the total annual shipping cost for the various 
Sime tankemws. wlt sheuld bewmoted inswmang@escosts for both 
hull and machinery (H&M) and protection and indemnity (P&I) 
and fuel costs increase as a percentage of total cost as 
tanker size increases. All other costs tend to be a lower 
Demecitagesof thestotal cost gasstankervsize increases. 
Table XVI is the most useful for analyzing the various cost 
components per thousand DWT as tanker size increases. When 
expressed in terms of cost per thousand DWT all cost com- 
ponents decrease as tanker size increases. This table re- 
Veals thatenearly half the difference in total annual cost 
per DWT between a 40,000 and 120,000 DWT tanker is due to 
Senmstruction’ c6st economies. Another thard of the difference 
is due to the larger tankers lower crew and fuel costs. In 
analyzing the difference between a 120,000 and 300,000 DWT 
famiker, the cost differences are much less significant, 
Mowever,—sthe same three component costs are still the pri- 


Mamyeeconomies as tanker size increases. 
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The second analysis of transportation economies avail- 
able via progressively larger "super" bulk carriers is based 
on a study conducted by IHI of Japan. The summary of this 
study is shown on Drawing 11. No cost information was made 
available by IHI, most likely, for proprietary reasons. 

The drawing indicates that transportation costs per tanker 
DWT gradually decrease as tanker size increases up to ap- 
proximately 800,000 DWT. The incremental cost change be- 
tween 600,000 and 800,000 DWT is relatively minor in 
comparison to the change between 200,000 and 400,000 DWT. 
As noted earlier, due to technical considerations, IHI 
recommends shifting to a twin propeller means of propulsion 
when ship size reaches 800,000 DWT. As shown on the draw- 
ing, the cost curve has a break and moves significantly 
higher above 800,000 DWI. The per unit transportation cost 
for a 800,000 DWT tanker with twin propellers appears to be 
very comparable to a 400,000 DWT tanker with single pro- 
Demme Propulsion. bor stnis reason LHI doesnot believe it 
will be economically practical with present technology to 
build a tanker above 800,000 DWT. [Ref. 16, p. 28] 

The third analysis of transportation economies avail- 
able via progressively larger "super" bulk carriers is based 
on the Standard 011 of New Jersey study referenced to pre- 
viously. This analysis used she age case method of a 
$0,000 DWT carrier. A relative transportation cost of 100% 
is assigned. (See Drawing 12.) The transportation cost 


memrescnts the total per unit transportation cost to transport 
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one unit of petroleum from the Persian Gulf around the Cape 
to the east coast of the United States. The transportation 
cost includes costs for both legs of the voyage, operating 
costs (wages, repairs, jnsurance, port charges, and bulker 
fiuel Costs), and capital recovery costs. Recovery costs are 
keyed to the initial investment costs indicated on Drawing 
fe AeHominal disgeeuneea cash flowwof DTOcereturm on total 
capital for a 20 year period was used as the basis for de- 
CCrmining Capital recovery coSites. | | 

As indicated on the drawing the relative transportation 
cost per unit decreases as tanker capacity in DWT increases. 
ecw melative tramicponreatvon Gost persunit for the 350,000 
DWT tanker is less than’ half the transportation cost of the 
50,000 DWT tanker. (The figure is actually 48%.) Drawing 
13 indicates the additional per unit increase in the trans- 
portation costs if capital recovery costs for a terminal and 
essoclated distrabuLion pipeline system were installed to 
receive fuel from the 350,000 and 250,000 DWT tanker. A 
Maid! SheeoveryecosceOr Oo Colles perebarnrelener the ter- 
minal and 5.5 cents per barrel for the pipeline system is 
included. These figures were derived from an industrial 
study to install a terminal inside Delaware Bay. A daily 
throughput of 1.7 million barrels was assumed. As indi- 
cated on the drawing the relative transportation cost per 
unit for the 350,000 DWT tanker is approximately 607% of 


Bee cost for the 50,000 DWT tanker. 
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Drawing 14 carries the previous analysis one step fur- 
ther. All previously discussed assumptions apply, with the 
exception that the Suez Canal 1s now assumed to be open. 
Both the 50,000 and the 74,000 DWT tankers may now transit 
the Suez Canal on each leg of the voyage. The 250,000 and 
the 350,000 DWT tankers must still transit around the Cape 
but will transit the Suez on the ballast leg back to the 
Perstan GuIift. the appropriate toll charges have been added 


10 As indicated on 


to the relative transportation costs. 
the drawing, all relative transportation costs are now re- 
duced, however, the 350,000 DWT tanker still provides the 


least cost means of transporting the unit of oil. 


Ge ECONOMIES OF DRY AND MULTI-PURPOSE "SUPER" BULK CARRIERS 
The previous two sections have dealt primarily with the 
construction and transportation economies available via 
progressively larger "super" bulk tankers. However, the 
Soros Associates study of construction cost economies avail- 
-able via larger dry and multi-purpose bulk carriers was 
briefly summarized in the first section. Nathan Associates 
did not conduct a separate computer parametric transporta- 
imonmmeost SEUdy for etther dry or multi-purpose bulk carriers. 
A study of these two types of bulk carriers revealed that 


cost differences were ''very modest" and the basic design 


ae era tolls are based on the pre-closure levels 
mecalated at the rate of 1% per year. This rate is based 
on the 1957 agreement the Egyptian Government made with the 
meoweatethie time the Canal was nationalized."" [Ref. 19, 


m. 18] 
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aia Operating features of all bulk carriers were generally 
similar. The major differences discovered were the inter- 
Nal arrangements and design of the cargo holds. The cost 
me construct either a dry or a multi-purpose bulk carrier 
was found to be relatively higher than a comparable size 
tanker. (See Table XVIII.) Although the cost to operate 
aid nawitaim™ a multi-purpese bulk carrier was found to be 
higher than either a tanker or dry bulk carrier, the trans- 
portation cost for the multi-purpose bulk carrier was found 
to be less. This is due to the higher load factor avail- 
Pete withemuler-purpose bulk carriers. Tankers and dry 
bulk carriers typically have a load factor of 50%, however, 
it is not uncommon for a multi-purpose bulk carrier to have 
oeroad factor above 60%. |[Ref. 3, Vol. V, p. 145] 
iicumictitionalwrlexibility and ucalization available via 
the multi-purpose bulk carriers has enabled this type of 
meesetlto serve multiple markets. As indicated earlier by 
the number of multi-purpose bulk carriers on order and under 
construction this type vessel is becoming progressively more 
popular. Due to the volatile nature of the bulk shipping 
business bulk rates fluctuate as demand for various bulk 
commodities changes. Multi-purpose bulk carriers allow 


maximum flexibility to enter the most profitable markets. 
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Table XVIII. Investment Cost Relationships of Tankers, Dry 
Bulk Vessels, and Combined Carriers of Equal 


Deadweight 
liye fe vesse. Index Number 

Conve nionaliadmKeT. s. . <ey 100 
ies DU Lie ager) 6 rasa... eee, 103-4 
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Conoined Garnier 
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a/ Low density 


Dou@pecam hopert RK. Nathan Asseerates, U.S. Deepwater 
Momtmotudy, Dre@pamedetonw ww. S..Army Corps of 
Emoineers, Institute omewater Resources, 1972, 
NodeeV pp. 147. 
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eee ies CONSEOURNGES OF A FPATEURE TO PROVIDE UNITED STATES 
PACILITIEGMTO ACGOMMODARE "'SUPER" BULK CARRIERS 

A. HIGHER COST OF IMPORTED BULK MINERAL RESOURCES 

As noted previously, the United States is progressively 
becoming more dependent on foreign countries for the most 
economical sources of many fuel and non-fuel mineral re- 
Sourecs. Notvondy has reliance on these resources been in- 
creasing but the geographic origin has also been shifting 
toward more remote regions. It appears inevitable, at 
least in the near future, that the volume of these imported 
minerals will continue to increase and shipping distances 
will generally become longer 

[me technology of the “super’ bulk carrier is available 
to significantly reduce the transportation costs required 
to ship these commodities. For example, the unit cost per 
Tong ton tor a 5,000 mile one-way voyage for a 30,000 DWT 
vessel is approximately $4.00, for a 200,000 DWT vessel 
Mime andetor a 500,000 DWI vessel $1.50. Thus a 57.5 
percent decrease is’ possible by using a 200,000 DWT vessel 
and a 62.5 percent decrease is available by using a 500,000 
DWT vessel. [Ref. 3, Vol. I, p. 10] There appears to be 
no other technology presently available that can provide 
both the efficiency and flexibility required to transport 
huge volumes of bulk commodities over long distances. 

PaciGmmndustry in the United States is the primary con- 


Maier eore imported mineral resources. At the present time 


va 





Hotes weindiustry 1s capable om fully sgapatalizime om trams - 
portation-economies available via "super" bulk carriers. 
Prem oo spetroleum sndustry has, toca limited extent, ben- 
uated by susine. super’ tankers te transfer petroleum to 
smaller tankers or by offloading at foreign transhipment 
ports located in Canada and the Bahamas. However, the ad- 
ditional cost involved in transferring or transhipping 
Significantly reduce the benefits that would be available 
if the U.S. could accommodate "super" tankers. In a re- 
cent study conducted by Robert R. Nathan Associates pe- 
PEOhetn LMmpores to the United States in 1980 were projected 
to reach approximately 6.9 MM B/D. This forecast is quite 
conservative, based upon the National Petroleum Council's 
Case III which projected imports in 1980 to reach 10.3 MM 
B/D. Case III is generally believed to be the most accu- 
rate forecast presently available. However, based on the 
6.9 MM B/D figure Nathan Associates predicted that approxi- 
mately $600 nar inion dollars could be saved annually in re- 
suced transportation costs for petroleum if the United States 
would provide suitable offloading facilities for "super" 


mete 


Studies conducted by the Maritime Administration, 
U.S. Army Corps of Engineers and Soros Associates also ar- 


rived at very similar figures. 


11the cost savings was in Comparison to the costs that 
would be charged if the maximum size tankers were used at 
pm exmS ting ports without further decpening. ~All costs 
Poemoavinesmare in 1970 doliars. [Ref. 3, Vol. I, p. 10] 
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To the extent that additional transportation costs are 
reflected in the delivered cost of imported resources, con- 
sumer prices could be expected to rise. Other possibilities 
are, American consumers would purchase less expensive im- 
ported finished goods or the additional costs would be borne 
by U.S. industry. The market conditions at the time would 
determine which one or combination of these possibilities 


Would occur. 


Peeeoos OF COMPERLITVENESS IN OVERSEAS EXPORT MARKETS 

The United States economy depends to a large extent on 
exports of both finished goods and bulk commodities such as 
grain, metallurgical coal and phosphate rock. Exported 
goods have in recemt years been accounting for a greater 
share of the United States gross national product. In order 
to maintain a competitive position in the foreign market 
place, U.S. industry has generally incorporated the most 
efficient production technology. If Japanese and European 
exporters of finished products can attain an additional 
Margin Of €fficiency not available to U.S. industry, our 
competitive position will surely suffer. 

U.S. industries which depend on foreign imports of fuel 
and non-fuel mineral resources do not in general enjoy the 
margin of efficiency available to similar industries in 
monehonecounimnaies that do haveé.deepwater port facilities. 
For example, Japan can import both iron ore and coking 
Goal, produce finished steel and ship it to the United 


meateseeancaecompete very Eavorably in the U.S. market for. 
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mitisied steel, A primary reason for the success of Jap- 
anese industry has been their utilization of the most effi- 
client technology available. ~* One such technology is the 
wsuper ' "bulk carrier. 

The United States is a major exporter of bituminous 
coal, phosphate rock and grains. These commodities account 
for the highest tonnage of exports from the United States. 
iemuemsrvered Costs of these commodities presently reflect 
Picmmeiaecmyely Imettrcient means by which they are trans- 
ported. The ocean transport savings that could be realized 
wore cLrrilcient shipping could accrue to the U.S. expor- 
Peeeeriie TOrmeor hieher protit margins, lowered delivered 
SeoeseOn a COMbInatwon of Doth. The foreign market for 
Porc DOmeca DuULkK Commodities is generally competitive. 
iemenememrent unat the delivered cost of U.S. exported 
bulk commodities is higher than other sources the competi- 
PewempOsitLioneon U.S. exporters of bulk commodities will 


Surrer. 


Pee LOCATION OF U.S. INDUSTRIES 
iii ty ot United States' ports to accept deep- 

i eoUDemebilk carriers and the resultant higher trans- 
PoPmeierOnmeGams Introduces the risk of relocation or closing 
ioVieoc U.o. processing industries. U.S. industry may incur 
een eilcane competitive disadvantages which could in the long 
run encourage these industries to seek more favorable loca- 
tions where they could be served by more efficient means of 


transportation. 
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The newly independent country of the Bahamas has de- 
veloped one deepwater port and is in the process of devel- 
Spine -aecceone. Bowl will be capable of handling 500,000 
DWT tankers. The Bahamas are also expanding their refining 
facilities and are exporting finished and semi-finished 
petroleum products to the east coast of the United States. 
The new government is encouraging foreign investment in in- 
dustry on a partnership basis with either Bahamians or the 
Beweamment., ohortly "aiter receiving independence, Prime 
Pagaster Pindilne's sovernment issued a White Paper on In- 
dependence. The Paper indicates that Bahamas' tax-haven 
Status will be maintained and that nationalization will 
liao dn Miserunent Of COVeETmMNent €Ccohnoemic policy. |Rex. 
Ae pe a | 

Gulf 011 Company has recently completed a deep-draft 
tanker and refining complex at Port Tupper, Novia Scotia 
and is exporting finished and semi-finished petroleum to 
memecase COaSt Of the United States. [Ref. 22, p. 4] The 
Premier of Nova Scotia, The‘Honorable G. A. Regan, recently 
addressed a Seatrade Conference and noted that by expanding 
refineries in Nova Scotia the United States petroleum in- 
dustry could solve two major problems. A location which 
provided facilities to accommodate "'super™" tankers and a 
Site for new refineries. Mr. Reagan funewer Stated, 

Tieaicomimnpossible to operate an oil oriented deepwater 

POmemuItmout running the risk that some day a spill 

Geeldewoccur resulting in serious pollution problems. 


Peetemuitikely that provincial governments would be 
Mmeeawed to accept that risk for the minimal cconomic 
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activity generated by pure transhipment. The more 

probable conclusion is that government in any pro- 

vVincial jurisdiction would want to extract at least 
refining employment in the return for the use of such 
unique facilities as our deepwater harbours provide." 

PRG tere Oe 456 | 

The Economic Development Administration of Puerto Rico 
is developing a deepwater port facility offshore Mona 
Island and is encouraging U.S. petroleum industries to 
CONStruct a retining and petro-chemical complex on the 
island. The Wallstreet Journal has recently been arry- 
ing advertisements quoting Governor Hernandez-Colon, 

"Open a plant that provides work for our people and we'll 
Milarantee you mo taxes, tederal or local." 

It 1s clear that many of this’ countries’ neighbors will 
readily provide deepwater port facilities, refinery and 
petro-chemical sites, and tax incentives to U.S. petroleum 
industries. These offers must sound fairly enticing to 
industries located in states such as Delaware where ex- 
pansion is discouraged, deepwater port facilities are not 
available and, in addition, industries must pay for the 
Mice atboneron expensive pollution control devices. 

U.S. based multi-national corporations have no moral 
commitment to expand in or even to retain plants in the 
United States. They are presently being penalized in a 
mnber Of ways, one of which is being forced to use a 
Beat ively inefficient mode of tramsportation, i.e., small 


babioeinmcenrs. the incentives to relocate are present. 


Peenome@n the petroleum and petro-chemical industries have 
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been the main subject of this discussion advanced process- 
MiemGrelron Ore and bauxite at foreign mines is also taking 
place. Processing of these ores closer to the source re- 
duces the transportation cost. These processes had, until 


recently, generally taken place in the United States. 


D. BALANCE OF PAYMENTS 

The relocation of industry outside the United States 
may result in a massive outflow of U.S. capital. A similar 
Pueicteron may Occur 1f the United States continues to de- 
pend on progressively larger volumes of foreign mineral 
Tesources which are transported in relatively small foreign 
bulk Carriers. A loss of U.S. industries' competitive 
position would also have detrimental effects on the balance 
of payments and, therefore, on the value of the U.S. dol- 
Bates noted previously this is a possibility if U.S. 
Mmiduwstry 15 not provided the opportunity to utilize the 
most efficient means of transporting large volumes of 


bueercOMmodities, 1.e€., the "super'' bulk carrier. 


EB. PORT CONGESTION AND POLLUTION 

As previously noted the U.S. will, most likely, depend 
on greater volumes of imported bulk mineral resources in 
Diemiutune lt tacilities are not provided to accommodate 
larger bulk carriers then a greater volume of small bulk 
Samrters will be required or less trade will take place. 
Meee port facilities will require massive expansion to 


meeomnodatemtie higher volume of small bulk carrier traffic. 
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With a higher volume of traffic there is also a higher risk 
of both collisions and grounding which in the case of tankers 
would mean more oil spills. 

The Council on Environmental Quality has recently spon- 
sored a study on oil spills. The Chairman of the Council 
recently testified in a Congressional hearing, ‘4 

UBaged on studies cond@cted for the Ceéuncil by the U.S. 

COast ollard, It appears that e€reating SUperports In the 

United States carries less risk of 011 spill damage 

than does the transhipping and oil from foreign ports. 

Fomecxanple, over aggQeyvcar periodgat anmimport Meyvel 

of 2 million barrels per day, we can statistically 

PUOVect apprexminarely 3/7 vessel castugieeres resulting 

in spillage of over 29,000 tons of oil assuming small 

tankers averaging 50,000 DWT are used to tranship oil 

from Canadian and Caribbean terminals to conventional 

U.S. ports. On the other hand, if the same oil were 

transported direct to U.S. offshore terminals in super- 

tankers averaging 250,000 DWT we can project about 

POUL eastalitesmtotcaling 2,500 tons of o1l spilled?" 

eis pe 472 | 

If 30,000 DWT tankers were used to deliver 3 MM B/D to 
the U.S. 13 port arrivals per day would be required. Ar- 
mvels dropeto cight per day if 50,000 DWI tankers are used, 
Shemanaea halt perm day i1f 250,000 DWI tankers are used and 
beomenreesauarters of an arrival pereday if 500,000 ¢DWT 
tankers are used. Historical data analyzed by the Coast 
Guard on collisions and groundings demonstrate that most 
Hite spill acemdents occur when harbor congestion 1s great 


and where maneuvering ships are restricted by narrow wind- 


mieechnannels. (Ref. 25, p. 384] 


Leone study assumed that oil was piped ashore from off- 
Shore terminals. 
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VIII. RECENT EVENTS PERTAINING TO DEEPWATER PORT AND TERMINAL 
DEVELOPMENT BY THE UNITED STATES 

A. MAJOR DEEPWATER PORT AND TERMINAL DEVELOPMENT STUDIES 

Since 1970 various federal, state, and private agencies 
have conducted or sponsored numerous studies associated with 
deepwater port and terminal development by the United States. 
PerLitient €COnomic, engineering and environmental factors 
have been analyzed in detail. The federal agencies that 
have sponsored and/or conducted major studies are: U.S. 
Aomy Corps of Engineers, Maritime Administration, U.S. Coast 
GWard, Council on Environmental Quality, and the National 
Oceanic and Atmospheric Administration (NOAA). Although 
these agencies were directly involved in studies, they also 
contracted and awarded grants to conduct studies. Major 
Gontracts were awarded to management and engineering con- 
sulting agencies such as Robert R. Nathan Associates, Soros 
Pc ociates and Arthur D. Little, Ime. Grants to study 
environmental considerations were awarded via the Sea Grant 
program to the following universities: University of Dela- 
ware, Louisiana State University, Massachusetts Institute 
of Technology, State University of New York at Stony Brook, 
and the University of Maryland. 

The states of Delaware, Texas, Maine, Alabama, and 
Louisiana are among those that have sponsored deepwater port 
associated studies. The Delaware Bay Transportation Company, 


Pesqo0ck., and the Louisiana Offshore O11 Port (LOOP) are 
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among the oil and pipeline consortiums that have also spon- 
sored deepwater port studies. In some instances individual 
Oil:and pipeline companies have undertaken major studies. 

No attempt will be made to individually summarize all 
the pertinent studies. A partial list of the major studies 
has been compiled and included in Appendix A. Although all 
studies do not agree as to the various economic, engineer- 
ing and environmental factors there is considerable agree- 
ment. 

It is generally agreed that the alternative of dredging 
e2isting Channels and ports is unsatisfactory from an econ- 
pie, ChOinecringa, and ecayironmental point of view. The 
dredging of existing channels to a depth of Pat eagine tet 
75 feet to accommodate 250,000 DWT bulk carriers would un- 
deymane many existing struetures such as piers, terminals, 
and bridge supports. Tunnels and underwater pipelines would 
also require relocation. On the east and Gulf coast rock 
and/or the continential shelf pose major obstacles to 
dredging. Channel maintenance and disposal of dredged ma- 
terial would also be very costly. Dredging would also in- 
Semease the=ecross sectional area of the exisping channels 
and would introduce a larger volume of salt water into 
estmanves to thesdetriment of bDrackash-water specnes such 
as the oyster. Dredging would also jeopardize urban water 
cemrees if the acquifer strata was penetrated. Inpeneral, 
alternatives which required no dredging were preferred. 


However, Robert R. Nathan Associates did consider dredging 
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at Hampton Roads to be economically justified. Soros As- 
sociates also proposed limited dredging but only near the 
mouth of major bays or offshore. Even if the dredging of 
major channels could be justified the turning and handling 
of large vessels within the existing port and channel con- 
fines would be very hazardous. 

Transhipment of bulk commodities from foreign locations 
Via small bulk carriers was also considered as an alterna- 
tive. This is presently being done with petroleum from 
ports in the Bahamas and Canada. Other petroleum tranship- 
ment ports are being constructed at locations such as Jamaica 
mo cUrae@o. Transhippingwef o1] wma foreign ports can be 
economically justified in some cases. Transhipping oil 
from an offshore platform via small tankers can also be 
Peoemucatlysjustitied based on the present throughput of 
Oo1l,on the east coast and projected throughput on the Gulf 
and west coast. The transhipment of dry bulk commodities, 
Meowever, cannot be economically justified from either an 
offshore platform or via a foreign port. Transhipment of 
dry bulk commodities was analyzed on both the Gulf and east 
coast, however, due to relatively low throughput, shorter 
Shipping distances, and high transhipment costs this al- 
ternative was judged to be uneconomical. Soros Associates 
Could only justify the construction of an offshore platform 
for dry bulk commodities if the platform was also used for 


petroleum. 
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Even though petroleum transhipment can be economically 
justified, there are environmental hazards. As previously 
noted, the volume of imported petroleum is predicted to 
Significantly increase in the future. Petroleum tranship- 
mént from either an offshore platform or a foreign port 
will require the use of small tankers, approximately 65,000 
DWT. To handle the increased volume of petroleum a large 
fleet of small tankers will be required. The increased 
traffic in already congested shipping lanes and ports will 
undoubtedly lead to an increased number of groundings, 
fomrr-ions, and o1l spills. For this reason transhipment 
via a fleet of small tankers has been judged to be an in- 
Ferior alterivative. 

The practice of lightening "'super" tankers to small 
tankers or barges was also considered as an alternative. 
Lightening is only possible in protected harbors or in calm 
seas, however, this practice is being used on all three 
coasts. There have recently been strong protests against 
lightening in protected harbors. Since lightening is a 
form of transhipment and does not solve the problem of 
congestion in shipping lanes, ports and channels it was 
considered to be an inferior alternative. 

Offshore deepwater port development with a submerged 
mupeline LO shore was considered to be™the best alternative 
from both an economic and environmental viewpoint. Off- 
shore development was found to be economically justified 


on the east coast based on the present throughput of petrolcum 
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and on the Gulf and west coast based on projected throughput. 
Various designs for fixed platforms, single point mooring 
buoys, and storage islands were analyzed. All proved to be 
financially attractive. , In general, the single point moor- 
ing buoy was found to be the least expensive alternative. 
RiewMoct cxpemave alternative, but also the best design 
from an environmental point of view, was that of Soros 
Associates. (See Drawings 15, 16, and 17.) 

The U.S. Coast Guard conducted an analysis of casualty 
oil spills for the Council on Environmental Quality. The 
study revealed that the number of polluting tanker casu- 
alties and the total oil spilled would be less from "super" 
tankers averaging 250,000 DWT serving offshore deepwater 
pores scian from tankers averagime 50,000 DWT serving con- 
ventional ports.+> 

NOAA awarded grants to five universities to analyze the 
emilvironmental effects of oil Spills, conStruction, and opera- 
tions from port development at a number of locations on the 
Gast and Gulf coasts. The studies revealed the vulnera- 
Bility to environmental damage from deepwater port develop- 
ment was likely to’be the greatest at inshore locations, 
particularly those involving massive dredging, and less at 
offshore locations. Estuaries and coastal wetlands were 


found to be the most biologically productive and also the 


55 ; 
: Key assumptions ~ the same amount of oil was trans- 
ferred and oil was transported ashore from the offshore 
Bort via pipeline. 
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most sensitive to oil spill effects. There was a general 
consensus that if tankers transited close to the coast and 
in restricted waters there was a higher probability of un- 
avoidable ecological and recreational damage from oil 

Spill effects. At offshore locations it was concluded 

that construction effects were minimized and the probability 
of an 011 spill reaching sensitive estuarine areas was 
greatly reduced. 

The environmental effects of deepwater port development 
ame not limited to the marine environment since industrial 
expansion onshore would, most likely, result. The environ- 
Wental etfects from industrial activity onshore if not 
properly controlled could prove to be a greater detriment 
to the environment than the construction and operation of 
an offshore oil port. Studies undertaken indicate the con- 
struction of only one deepwater port on each coast would 
tend to maximize the transportation savings but would likely 
result in the highest social and environmental costs. These 
costs would be highest in areas which are already densely 
populated, heavily industrialized, stressed by pollution, 
or used as recreational areas. Land use decisions will be 
of primary importance in determining the location of deep- 
Mauer port development. Locations should be selected where 
regional economic benefits are needed and where associated 


environmental impacts might be better tolerated. 
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Pee bEGlobAl LON TO PROVIDE FOR LICENSING OF DEEPWATER PORT 
AND TERMINAL DEVELOPMENT AND OPERATION 


At the present time there 1S no authorizing legislation 
which would permit the construction of an offshore deepwater 
peste peyonud, the three mile limit. States have primary ju- 
risdiction over the area from their shorelines out to the 
three mile limit. The states of California and New York 
have authorized the installation of a limited number of off- 
Shore terminals, however, the largest of these facilities 
anewlimiced €O Serving tankers up to 130,000 DWI. Ihere 
are approximately six bills before Congress to provide for 
the construction and operation of deepwater ports beyond 
the three mile limit. The major disagreements are on issues 
Se environmental protection, state control, and federal 
egeney responsibility for control of deepwater port facil- 
ities. The administration backed bills are HR 7501 and 
pelvot. these bills would permit the Secretary of the 
[ber ilor CO 1Ssue Licenses for the construction and opéera- 
tion of offshore deepwater ports beyond the three mile 
limit. The Secretary would be required to consult with the 
Povernors of Offshore states to insure that the operation 
of the facility and related land based activities were 


consistent with the state land use program. 


Gc. DEEPWALER PORT AND TERMINAL DEVELOPMENT 
ie lvcumcoast of the,UnitedsStates 
Numerous attempts have been made by individual or 


Soeertltumcwoer oil and pipeline companies to develop deepwater 
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pextssand terminals for crude oil on the east coast. Two 

of the first proposed were the Machiasport Oil Refinery 

and the Delaware Bay Transportation Company projects. Both 
fete inl@maily proposed in™tne Pate "Sixties and early 
"seventies. Since construction was within the three mile 
limit the states of Maine and Delaware could have authorized 
development after the proposals met various federal agency 
requirements. Maine's Environmental Improvement Commission 
recommended rejecting the Machiasport project and the pas- 
sage of the Delaware Coastal Zone Act of 1971 prohibited the 
Pemotructilon of anyeomishere deepwater port or terminal, 
Delaware's Coastal Zone Act has recently come under heavy 
criticism by the building trades, Delaware Chamber of Com- 
merce, DuPont Co., the 13 companies that make up the Dela- 
ware Bay Transportation Company, and even from the state 
‘appointed Delaware Bay Oil Transport Committee. 

Additional proposals for deepwater port development 
have been submitted by the Bayside Pipeline Co. and the 
Intercontinental Pipeline Co. The Bayside facility would 
pemmit unloading of “Super' tankers near the mouth of 
Demaware Bay. O11 would then be piped to refineries on the 
Petlaware River and the Arthur Kill areas. The pipeline 
would be located on the New Jersey side of Delaware Bay. 
Miceintercommncntal Pipeline Co. proposal YS for the con- 
aime tton ofa facility 36 miles south of Cape’May. The 
submerged pipeline would come ashore in New Jersey and oil 


would be piped to refineries in the Philadelphia and New 
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York area. At present neither of these facilities can go 
beyond the planning and design stage since both would be 
located beyond the three mile limit. 

Another recently proposed deepwater port facility 
was rejected by the town of Durham and the state of New 
Hampshire. Olympic Refineries, Inc., an Onassis' firm, 
had proposed construction of a $600 million oil refinery 
and deepwater port. Even with strong backing from the 
mvednor the -towneand thesstate ters lature=-bvoth *rejyeeted 
the proposal. The Coastal Plains Regional Commission 
(states of North Carolina, South Carolina and Georgia) have 
recently joined with seven major 011 companies to conduct 
an economic and environmental feasibility study for the 
eonstrwetion™of an offshore deepWater port in that region. 

Although the east coast of the United States, and 
i’epenelewlar the wnortheastermenesgion, hasmtheshighest 
economic need for deepwater facilities. There has been 
no significant progress due to strong environmental op- 
position. Environmentalists are concerned not only with 
the marine environment but also the onshore environment 
Since industrial development would, most likely, accompany 
deepwater port development. 

Z. Guif Coast of the United States 

Numerous Gulf coast states have encouraged oil and 
pipeline consortiums to construct afifshore deepwater ports 
and terminals. At the present time three major facilities 


are in the planning stage. In Louisiana, a consortium of 
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13 011 and pipeline companies known as LOOP, Inc. (Louisiana 
Offshore Oil Platform) has completed extensive economic, 
engineering, and environmental studies. Final design and a 
more detailed environmental study are presently being con- 
ducted. The initial facility would be located approximately 
Premiles Otrsnore of LaPourche Parish, La. It™would corr 
sist of three single point mooring buoys, pumping platforms, 
and two pipelines (48 inches by 56 inches) 21 miles long. 
The onshore facility would consist of a storage facility 
and pipeline from LaFourche Parish to the St. James, La. 
terminal of Capline. In a later stage of development two 
additional buoys and three submerged pipelines would be 
added. Upon completion of the last stage the facility 
would be capable of receiving approximately 4 MM B/D. Re- 
Tineries in” eastern Louisiana, Mississippi, Arkansas, Ten- 
nessee, Missouri, Kentucky, Illinois, Indiana, Ohio, and 
Michigan would be supplied via the LOOP and Capline facil- 
mye Gost estimates are (in 1972 dollars) $150 million 
for the offshore facility and submerged pipelines. One 
mundred thirty million dollars for the storage facility 
located onshore, and $88 million for the pipeline to con- 
Meet the Storage facility to Capline. "{Reft. 260, p. 299- 
57 5 | 

imme xas, 11 o1l conan and one petro-chemical 
company have formed a consortium known as Seadock. The 
Podo@e¢leceactlity is very similar to LOOP. Seadock's fa- 


eliaty woulamconsist of three single point mooring buoys 
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tocatca Comueemol mules off the coast’of Freeport, Texas. 
Submerged pipelines and an onshore oil storage and pipeline 
network would also be constructed. The facility would sup- 
ply crude petroleum to refineries in western Louisiana, 
Texas, and possibly the midwest. The Seadock facility 
would be capable of receiving approximately 3 MM B/D. The 
total Seadeck initial inveéStment has been®estimated to be 
approximately $545 million. 

The states of Alabama and Mississippi have formed 
an organization known as Ameraport Corporation. Ameraport 
has sponsored both environmental and economic studies per- 
fining to deepwater port development at a location approxi- 
mately Z6 miles offshore the Mobile-Pascagoula area. 
~micwapent has beeneaceryely publicizing the benefits of 
developing an offshore deepwater port, oil refineries, and 
petro-chemical plants in the states of Alabama and Missis- 
Sippi. However, to date the Ameraport project has met with 
very limited success. 

The ports of Galveston and Corpus Christi have re- 
cently initiated a campaign to gain approval for massive 
dredging operations to provide for land based deepwater 
port tacilitres. Studies conducted by these ports indicate 
time economic benefits of providing facilities for both 
liquid and dry bulk commodities are greater than the cost 


of dredging operations which would be required, }4 


muiiivet Sendics Nave woumbcemmrcyvaewed by the author 
meets unknown if social and environment costs were 
included. 
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Ui mptemhetinerles, Inc. are still looking for a 
location to build a $600 million refinery and a deepwater 
port. Although this Onassis' project was recently rejected 
in the state of New Hampshire, the states along the Gulf 
coast have been proposed as possible locations. As of this 
writing, Olympic Refineries has not yet made a firm pro- 
posal. The states of Texas, Louisiana, Mississippi, and 
Alabama are under active consideration. 

Nes tueCOdstmon athe Unatedastates 

AS previously noted, there are approximately 19 off- 
shore oil terminals along the coast of California, however, 
none of these facilities is considered to be a deepwater 
Fachlity Singe the lhamgest tanker that can presently be ac- 
conmedated isml50,000eDNT. There is at present only one 
Major deepwater facilaty proposal for the west coast. The 
Standard Oil Company of California has recently completed 
a six-month site and geographical evaluation at a proposed 
location offshore Estero Bay. The location is within the 
three mile limit and would consist of a single point moor- 
ing buoy and a submerged pipeline. Oil would be pumped 
ashore to storage tanks and then to Standard's Richmond Bay 
refinery. The facility would accommodate tankers up to 
approximately 400,000 DWT and would be capable of receiving 


approximately 0.5 MM B/D. 
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IX. CONCLUSIONS 


The United States is becoming a “have not" nation for 
the most economical source of many fuel and non-fuel min- 
eral Pee ances required by U.S. industry. The three bulk 
resources which will, most likely, by required in the largest 
volume are crude petroleum, iron ore, and alumina/bauxite. 
The trend toward greater dependence on foreign sources for 
these and many other resources is certain to increase in the 
meoure. Ihere 15 a general trend in the geographic origin 
of many of these imported resources toward more remote re- 
gions and thus, shipping distances are increasing. The most 
economical means of transporting large volumes of these and 
other bulk commodities is via "super" bulk carriers. 

Since the early ‘sixties the capacity of ocean bulk car- 
riers has been steadily increasing. "Super" tankers with a 
Capacity of 477,000 DWT (3.5 million barrels) are presently 
taser vece sand a 706,000 DWI “super” tanker is under construc- 
Pronmcontract. “Ihe capacity of both dry and multi-purpose 
bulk carriers has also been steadily increasing. The largest 
of these ships is 280,000 DWT and carriers as large as 400,000 
DWT are expected in the near future. 

Miugh ag@sew exceptions ports in the United States can 
only accommodate vessels with a capacity between 65,000 
piawcU,000 DWT. Recent deepwater port studies indicate 


miembestealtermative for providing facilities for "super" 
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tankers is via offshore deepwater development. This alter- 
native was found to be the most preferable from both econ- 
omic and environmental viewpoints. Offshore deepwater port 
development for receipt of crude petroleum was found to be 
economically justified based on the present throughput of 
oceanborne petroleum on the east coast and projected ocean- 
borne petroleum throughput on the Gulf and west coast. 
Deepwater port studies indicate the construction of 
offshore deepwater port facilities for the receipt and ship- 
ment of dry bulk commodities is not economically justified. 
Dry bulk commodities require transhipment and a large off- 
Shore storage and transhipment platform would be necessary. 
Slurry technology may be an alternative to constructing such 
a facility, thus no transhipment would be required. Slurry 
technology is being used by the Marcona Corp. to ship iron 
sands concentrates from New Zealand's North Island to Japan. 
The slurry can be loaded and offloaded via a single point 
mooring buoy, weier, Marcona is only using this method to 
Gtiload at present. Slurry technology is also been sSuccess- 
fully used to transport coal via pipeline. The Maritime 
Administration has-recently sponsored research for slurry- 
mre Oofecoal, Pronsore, bauxite/alumina and phosphate. 
eltery wechiolocy, if found to be suitable for these com- 
modities, may significantly lower the initial investment 
and operation costs so that offshore deepwater port develop- 
ment for dry bulk commodities may also be justified. Fur- 


ther research is required. 
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Private industry in the United. States has not been suc- 
cessful in ee numerous attempts to develop suitable off- 
shore deepwater facilities to receive crude petroleum from 
Bouvet wtankers. Private proposals on the east coast have 
been rejected for environmental reasons, however, this 
coast has the highest industrial need for such facilities. 
Gulf coast states have encouraged private offshore deep- 
water port facilities for the receipt of petroleum. Due 
to "institutional drag" and the lack of authorizing legis- 
maenen all propoSals are at a standstill. There has been 
only one deepwater facility proposed on the west coast and 
this facility would be located within the three mile limit. 

Numerous public and private agencies have conducted 
studies which examine the need for deepwater ports and al- 
ternative solutions to deepwater port problems and require- 
ments. Although most studies have considered the environmental 
impacts and social implications of deepwater port development 
none have succeeded in quantifying environmental and social 
costs. The total economic costs and benefits have not been 
maentitied due to the present limitations in techniques of 
economic analysis. These social and environmental costs 
may, however, be reduced by judicious land use planning and 
pollution control technology. One solution would be to 
locate deepwater terminals for receipt of crude petroleum 
eid new refining capacity in regions where industrial ben- 
efits are desired and where the associated environmental and 


mierrnecosts could be reduced and tolerated. Construction 
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Of deepwater terminals to service existing refineries, which 
have a high throughput of oceanborne crude petroleum, ap- 
pears to be the best solution from both an economic and en- 
vironmental point of view. 

A failure to provide United States facilities to accom- 
modate "super" tankers and, when economically justified, 
"super" dry and multi-purpose bulk carriers will have far 
Rmeaecning eCrtects on U.S industry, the cost of living, baie 
ance of payments and the environment. Compelling evidence 
is at hand which implies, if the United States is to main- 
tain its status as a leading economic power the technolog- 


meal efficiency of “super” bulk carriers should be utilized. 
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APPENDIX A: LISTING OF MAJOR DEEPWATER PORT AND TERMINAL 
DEVELOPMENT STUDIES 


i ECONOMIC, ENGINEERING, AND ENVIRONMENTAL STUDIES 


Amati Laotele, wee, horelen Weepwater Port Develop- 
Wewomen oclective Overview of Economics, Engineerin 
AiGernvrronmental Factors, prepared for U.S. Army 
Corps of Engineers, Institute for Water Resources, 
December 1971, (IWR-Report 71-11) 


Vol im - Summary 
Vol. II. - Appendix A - France, Dunkirk and Leharve 
Appendix B - Belgium, Antwerp 
Appendix C - The Netherlands, Rotterdam 
and Amsterdam 
VOl- att emoenaix Us Unmated Kingdom 
AppemMaixul —smeanada, Port Carter 
Appengix F = Australia 
Appendix G - Japan 
Appendix H - The Persian Gulf 
Appendix I - Bantry Bay, Ireland 


LOvc tO mi tiiatenssOctatesuminc., U.S. Deepwater Port 
Seve prepared for U.S. Army Corps of Engineers, 
Institute for Water Resources, August 1972. (IWR 
Report 72-8 





Vioudn Pet oUMiiary KRepore 
Vol. II. - Commodity Studies and Projections 
Veil hyoleatecoast and fort Characteristics, 
' and Selected Deepwater Port Alternatives 
Voml, IV. - The Environmental and Ecological Aspects 
of Deepwater Ports 
Med; V. - Transport of Bulk Commodities and Bene- 


fie Cost. Relarionsmrps 


DOteomessoclates, Inc. Otfshore Terminal System Concepts, 
prepared for U.S. Department of Commerce, Maritime 
Admemistration, September 1972. 

Peart 1 - Evaluation of Requirements and Capabili- 
tiles Tor Vet nmiaemcenmot the Need for 
Ofishore Termimapaies 

Pane 2 - Connections Between Deep-Draft Terminals 
anew existane Pacmiataes by Utilization 
of Feeder Vessels, Pipelines and/or 
Shonen Facamities Relocation 


Pat 3 - Formulation of Advanced Concepts for 
Offshore Terminals 
aan t 4 - Executive Summary 
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ii. 


eid. 


U.S. Department of Commerce, Maritime Administration, 


The Economics of Deepwater Terminals, Government 
Pritimeime wettice, 1972 


ECONOMIC AND ENVIRONMENTAL STUDIES 


feethiie D. tmeetle, Inc. Potential Onshore Effects of 
Deepwater Oil Terminals Related Ime@ust rial Deve lop- 
ment, prepared for Council on Environmental Quality, 
September 1973. 





ENVIRONMENTAL STUDIES 


Center for Wetland Resources Louisiana State Univer- 
om), LOU ama ouperpomt Studaes, Report No. 1 - 
Preliminary Recommendations and Data Analysis, 
prepared for National Oceanic and Atmospheric Ad- 
ministration, August 1972. 


Center for Wetland Resources, Louisiana State Univer- 
ty mlm UpempOTt otldies.,. Report No. 2 - 
Preliminary Assessment of the Enviornmental Impact 
fae oupeimone on the Southern Coastal Area of 
moulsianeawe prepared for National Oceanic and At- 


mospheric Administration, 1972. 


Ceulecme Cronin, et al Prelimanary Analysis of the 


hiv irolmenmtal Aspects of Deep Port Creation and 
Piper Operation, Natiral Resources Institute, 


University of Maryland prepared for U.S. Army Corps 
Sevknheimeecrs, Imstitume for.Water Resources, July 
myles (hk Repeut 71-10). 


Jeeeemlichiim. Ct dl, Possible Efrects of Construction 
mMcdsoperdtlom of a supettanker lermunal on the 
Marine Environment in New York Bight, State Univer- 
iy pOLeuNewrrork; Stony Brook, Marine Sciences Re- 
Search Center, prepared for Council on Environmental 
Quality, November 1972. 


Doreiaiwem. Ct al, Environmemtal Vulnerability of the 
Delaware Bay Area to Super Tanker Accommodation, 
University of Delaware, College of Marine Studies, 
prepared for Council on Environmental Quality, 
Fermuamge 1973. 

Vol. I - Summary 

vores - Biology, Volume 

Vol. III - Chemistry, Engineering, Geology, Physical 
Oceanography 

Welw y - Biology Appendix 
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Stephen F. Moore, Robert L. Dwyer and Arthur M. Katz, 
A Preliminary Assessment of the Environmental Vul- 


nerability of Machias Bay, Maine to Oil Supertankers, 
Massachusetts Institute of Technology, prepared for 
National Oceanic and Atmospheric Administration, 
January 1973. 


Geotuer enounsetel],. Hecdliogical get tects om Ongshore 


Construction, University of Alabama, Marine Science 
Yael ttieee prepared ton eU.S. Army Corps Of Engineers, 
Coastal Research Center, 1972. 


Weskey P. James, et algibmwtronmental Aspects sot@a 
Supertanker Port on the Texas Gulf Coast, Texas A&M 
University, prepared for National Oceanic and At- 


mospheric Administration, December 1972. 


MISCELLANEOUS DEEPWATER PORT DEVELOPMENT ASSOCIATED 
SUS 


Steward Borlvandeands lartha Oliver. Port Expansionean 
the Puget Sound Region 1970-2000, University of 
Washington, Division of Marine Resources, prepared 


for National Oceanic and Atmospheric Administra- 
tron Octouer 1972. 


Daniat M. Bragg, et al, Work Plan for a Study of the 


Pooomimliny ora Orrshene slermninal “in tine Texas 
Gulf Coast, Texas A&M Univeristy, June 1971. 


Danial M. Bragg and James R. Bradley, The Economic 
Iipaetvot a Veepwater Texrmenalvin Texas, Texas 
A&M University, prepared for National Oceanic and 
Atmospheric Administration, November 1972. 


occ pieemecarrol il. et al, Plannene @hormeeoastal Pores 


on a Systems Basis: Preliminary Methodological 
Design, Pennsylvania Transportation and Safety 


Center, Pennsylvania State University prepared for 
Uaoeeriy Corps Of Engineers, Institute of Water 
Resources, May 1972 (IWR Report 72-7) 


Epictumlmamwe!, Studies on the Future of Atlantic 
POngecwmmiassachusetts institute Gt Pechnolopy, pre- 
Dpancdm@ror National Oceanic and Atmespheric Ad- 
Ntiommaeton, July 1973. 





Gladstone Associates, Inc. Potentials for a Delaware 
Deemmteer Port, prepared for Delaware State Planning 
OMemeemmoctober 1970. 
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iieaiseoripbuilding Division of Litton Industries, 
Bulk Commodities Form Changes and Alternative 
Fransportation Modes, prepared for U.5. Department 
of Commerce, Maritime Administration, December 
ROR Ob. 

Robert R. Nathan ASsociates, Inc. Institutional Im- 

Precarious Of Uso. Deepwater Port Development for 

Crude Oil Imports, prepared for U.S. Army Corps 
Ofeemeinee rs, sINnStitute on Val Grekesounees. 
June 1973 (IWR Report 74-4). 


Us Ss. Any Corps of Enginecrs, West Coast Deepwater 
Port Facilities Study, prepared by the North and 


South Paciiie Diageaon, June 1973. 


Wekeer Yep wonton “ ounvey Ot Ports, Deepwater 


Terminals, and Vessels, U.S. Army Corps of 
Engineensee south Pacitic Division, June 1973. 
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